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I. INTRODUCTION 
Early in 1964, discussions with Dr. J, D. Corbett of the 
Ames Laboratory introduced the author to a class of inter-
metallic compounds which can appropriately be called "cluster" 
compounds. These compounds are found in such systems as Na-Hg, 
K-Hg and Na-Pb and are characterized by peculiar close-packed 
configurations of heavy atoms. In the Na-Hg and K-Hg systems 
(8,9,28), the mercury atoms tend to form four atom square-
planar groups. These square-planar groups are arranged in 
different ways in the various compounds in the systems; Na3Hg2 
may be taken as the compound containing the prototype square-
planar group. 
One of the interesting features of the cluster compounds 
is the implication of directional bonding between the heavy 
metal atoms in the cluster. Generally, these compounds, while 
exhibiting metallic lustey, exhibit very poor electrical con­
duction. The conduction is presumed to be electronic and 
hence the poor conductivity must result from a high scattering 
probability and/or a low number of charge carriers. If the 
bonding is directional, the latter explanation is more likely. 
Corbett, in an application of molecular orbital theory to 
Na3Hg2, interpreted the stability of the Hg square-planar 
2 
array in terms of electron transfer from the sodium sublattice 
1 to the cluster. This electron transfer requires valence 
electron localization in the cluster. When this model is 
modified by the relatively small effect of the Na-Hg inter­
actions, electrical conduction can be achieved by partial 
délocalisation of charge back into the sodium sublattice. One 
of the results of Corbett's early work was the anticipation of 
stability for a square-planar configuration of thallium atoms 
in NaT12" 
Although Corbett's calculations were directed at examin­
ing the stability of clusters in NaTl2, the complexity of the 
Na-Tl phase diagram (see Figure 1) in the region of this com­
pound has prevented a number of investigators (2,14,16,19,34) 
from preparing single crystals of NaTl2. Hence, it was de­
cided to attempt a structure determination of the Na^Tl phase 
since it was thought probable that any tendency to form 
clusters in this system would also be evident in this latter 
phase. 
The specific resistance of Na2Tl has been reported as 
^Corbett,.-J.^D., Department of Chemistry, Iowa State 
University of Science and Technology, Ames, Iowa. An appli­
cation of molecular orbital theory to Na3Hg2. Private 
communication. 1964. 
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Figure 1. The Na-Tl phase diagram (15, p. 1009) 
3.9 X 10"3 ohm-cm and it increases slightly with increasing 
temperature (14). This value is two to three orders of magni­
tude larger than that associated with good conductors. 
Increasing the number of scattering centers by cold working 
or alloying additions normally accounts for less than an 
order of magnitude increase in the resistivity of good con­
ductors. Hence, the magnitude of the above resistivity 
indicates that few free electrons are available for the con­
duction process and on this basis, it was anticipated that 
the Na2Tl lattice probably contains directionally bonded 
heavy metal configurations. 
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II. Na2Tl STRUCTURE DETERMINATION 
A. Sample Preparation 
Thallium was obtained from the^Leytess Metal and Chemi­
cal Corporation. The analysis furnished by this company gave 
* 
the following results: 
Impurity Amount 
Pb 5 ppm 
Cd 1 ppm 
Cu 1 ppm 
Zn 1 ppm 
Nominal purity: 99.999 wf.% Tl. 
The above analysis is substantiated by an Ames Laboratory 
spectrographic analysis. Sodium was obtained from the J. T. 
Baker Chemical Company. An analysis furnished by this 
company gave the following results: 
Impurity Amount 
CI 0.0005% 
N . 002 
PO4 .0002 
SO4 .001 
Heavy metals (as Pb) .0005 
Fe .0003 
Nominal purity: 99.996 wt.% Na. 
Both quartz and tantalum were used as crucible materials. 
Each crucible had a cone-shaped hollow tip and, when passed 
through a thermal gradient, the more rapid cooling at thé tip 
6 
promoted the segregation of the bulk of the Na2Tl in the tip 
of the crucible. Both crucibles were outgassed at 1000°C for , -
one hour prior to sample loading. 
At 75.5 wt.% T1 (27 at.% Tl-see Figure 1), there is a 
large temperature-composition region in which the bulk of a 
sample can be selectively solidified as Na2Tl. Hence, both 
samples were prepared to have a composition of 75.5 wt.% Tl 
and were homogenized at a temperature of 400°C for four hours. 
The temperature was then reduced to 200°C and the sample was 
subsequently cooled through the liquidus-solidus region at a 
rate of 3°C per hour at an average thermal gradient of 1.75°C 
per Inch. 
The individual sample was removed from its crucible and 
the pointed tip of the sample was separated from the billet 
by cleaving. The tip was then fragmented by a single blow in 
a diamond mortar. Suitable fragments were transferred to a 
Lindemann glass capillary and the capillary was then sealed 
with the hot wire technique. Up to this point, all handling 
operations were conducted in an inert atmosphere of argon or 
helium. A crystal selected from the sample prepared in the 
tantalum crucible will hereafter be referred to as crystal A 
and a crystal selected from the quartz crucible will here­
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after be referred to as crystal B. 
The capillaries were mounted in Permoplast clay and the 
crystals were then examined with the Weissenberg technique. 
Crystals A and B proved to have the same structure. Both 
samples of Na^Tl were exceedingly brittle and exhibited 
bright metallic surfaces. These samples decomposed rapidly 
in both dry and moist air. 
B. Determination of Symmetry 
The crystal (A) from which the symmetry was originally 
determined and from which the preliminary intensity data were 
obtained was irregularly shaped. A transmission Laue photo­
graph, taken with Cu Ka radiation, exhibited two perpendicular 
mirror planes. According to Buerger (4, pp. 474-475), this 
symmetry can be obtained from orientations in crystals with 
4/mmm, mmm, 6/mmm, m3m and m3 point symmetry. With the 
exception of mmm, special relations exist between the lattice 
constants for these orientations. The lattice constants, 
which were determined by the rotation and Weissenberg tech­
niques, do not exhibit any of the required special relations. 
Hence, the point symmetry is indicated as mmm. la addition, 
the extinction conditions which were observed in upper layer 
Weissenberg photographs prove to be consistent with the 
8 
extinction conditions of the unique space group C222i. 
The number of formulas of Na2Tl per unit cell is given 
by 
M = cell volume , , (2.1) 
volume of one formula 
with this value being determined in the following manner. The 
Oo 
volume of one formula of Na2Tl can be estimated as 91 A on 
the basis of volume considerations in related compounds, such 
as NaPb and NaTl. The preliminary lattice constants a = 
o o o 
13.95 A, b = 8.86 A and c = 11.61 A yield a unit cell volume 
03 
of 1458 A . Hence, the number of formulas of Na2Tl per unit 
cell is given by M = 1458/91 = 15.8 = 16. 
C. Preliminary Structure Determination 
Preliminary intensity data were accumulated from crystal 
A by visually judging observed intensities on a series of 
timed exposures (3, pp. 77-151) recorded on a precession 
camera with Ag Ka radiation. These, intensity data were cor­
rected for Lorentz and polarization effects, but not for 
absorption effects. 
P(x,y) and P(x,z) Patterson projections were computed 
(20) and subjected to the superposition program of Fitzwater 
3^ (11). Since the thallium atoms control 95% of the 
scattering power of Na2Tl, the coordinates of these atoms were 
quickly revealed by the superposition technique; the thallium 
atoms.were found to occupy two general sets of eightfold 
multiplicity in 0222% with their coordinates given by: 
Til in 8(c): (x,y,z) 
X - 3/10 
y - 1/20 
z ~ 1/8 
TI2 in 8(c): (x,y,z) 
X - 1/26 
y - 1/3 
z - 1/2 
These coordinates were partially refined by the method of 
least-squares (10) and the results were then used to deter­
mine the signs of the observed structure factors. The signed 
structure factors were used to generate electron density pro­
jections (20) on the (001) and (010) planes. Although some 
of the sodium positions were readily identified, others were 
ambiguous. At this point, it became clear that three-
dimensional intensity data were needed. 
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D. Determination of Final Intensity Data 
During the course of a handling operation, the capillary 
was broken and crystal A decomposed. Hence, crystal B, also 
irregularly shaped, was used in the measurement of three-
dimensional intensity data. These data were obtained from a 
General Electric Spectrogoniometer equipped with a Single 
Crystal Orienter and a scintillation counter. Ag Ka radiation 
was used with the diffracted beam being passed through a Pd 
filter. The intensities of 2390 independent reflections were 
measured in four octants of reciprocal space. The following 
procedure was used in order to minimize the effects of geo­
metric absorption: 
1) Each integrated intensity was measured by the 
20 scan (moving crystal, moving counter) technique. 
A 40 second scan time was used at a rate of 2° (20) 
per minute. If the reflection had ajneasurable 
intensity, background counts were made at both 
, * 
extremes of the scan. Background counts were 
also of 40 seconds duration. 
2) The peak was then scanned in three other octants. 
If any one of the new scan intensities differed by 
more than 10% from the original scan intensity. 
11 
additional background counth were made. 
3) If a reflection was unobserved in the octant 
of strongest intensities, the peak intensity was 
not measured in the three other octants. 
4) The final integrated intensity of a reflection 
was taken to be the average scan intensity in the 
four octants minus the average background intensity. 
The irregular crystal was approximated as being a sphere 
of radius 0.137 mm. The absorption function (18, p. 320) for 
a sphere of this radius and a mass absorption coefficient of 
n/p = 54.3 cm^/g (the value of n/p for Na2Tl with Ag Ka 
radiation) was plotted against the Bragg angle 6. A linear 
approximation was found to reproduce this function to within 
+ 57o in the angular region of the intensity data (0° to 30° 
in 0). This absorption function is given, by 
A = 57.7 - 1.2280, (2.2) 
where A is the multiplicative absorption correction and 0 is 
the Bragg angle in degrees. In addition to this absorption 
correction, the intensity data were also corrected for the 
Lorentz and polarization effects. 
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E. Refinement of Structure Parameters 
The crystallographic least-squares weighting scheme, was 
derived from the finite difference formula, i.e., 
(F + AF)2 = (I + AI)(Lp), (2.3) 
where F = observed structure factor, 
AF = standard deviation of F, 
I = observed integrated intensity, 
61 = standard deviation of I, 
Lp = Lorentz-polarization correction. 
It can readily be shown that 
AF = [-1% + (I + AI)%]/(Lp)%. (2.4) 
The integrated intensity of a reflection is given by 
I - Or - Cb, (2.5) 
where Op = total counts and Cg = background counts. 
(_|^) = 1 \ 
^ } =e>^^(I) = (Al)2= a2(CT)[l]2 + a2(CB)[-l]2. (2.6) 
The standard deviation of according to a Poisson random 
error distribution, is given by 0^(0^) ~ Similarly, 
ff(Cg) = Empirically, it is often found that the time-
dependent random error is given by the form (KC) , where K 
13 
is the time-dependent uncertainty. Hence, 
cy2(i) =(AI)2 = CT + CB + (KTCT)2 + (KBCB)^. (2.7) 
In the course of measuring the integrated intensities 
of the Na2Tl data, it was determined that K-j Kb ~ 0.05. 
Finally, it should be noted that the background counts were 
correlated with the total counts such that Cb ~ 1/3 C-p. This 
relation was incorporated in the AI relation in computing the 
weight of a given reflection, i.e.. 
The unobserved reflections were given a AF of 100 in order to 
minimize their contribution to the refinement. Of the 2390 
reflections considered, 918 had observed intensities, 1479 
were unobserved, and three were ignored for the purposes of 
refinement. 
This weighting scheme was used in the further refinement 
of the thallium coordinates previously determined from the 
film data. The refined coordinates were used to determine 
the signs of the observed structure factors and these struc­
ture factors were then used to compute a three-dimensional 
electron density (Fourier) map. The sodium positions were 
readily identified from this map. 
The three-dimensional intensity data were used in a 
14 
least-squares refinement of the Na-and T1 coordinates and 
isotropic temperature factors. This refinement resulted in 
a residual 
R = 2 Cwffhkx)! I Fobs I - IFcalcl |]/ 2W(FhkP 'W = 0.167. (2.9) 
At this point, twelve observed structure factors were in sub­
stantial disagreement with their respective calculated struc­
ture factors^ A three-dimensional difference density map 
(21, p. 201) revealed that the T1 extrema were significantly 
asymmetric, indicating that the thallium atoms should have 
been assigned anisotropic temperature factors. Additional 
refinement, including anisotropic T1 temperature factors, 
reduced the residual to 0.117 for the observed reflections 
and to 0.127 for all reflections. The twelve calculated 
structure factors previously in substantial error refined 
such that the maximum discrepancy between a calculated and 
an observed value was 15%. The results of the final least-
squares refinement are given in Table 1. A difference den­
sity map based on the final refined parameters contained no 
significant extrema. 
A comparison of the observed and calculated structure 
factors is shown in Table 2. The (1,1,0) and (2,0,0) reflec­
tions, while having observed intensities, are excluded from 
Table 1.Positional and thermal parameters in Na2Tl 
Atom set x y z Thermal parameters À 
Til 8(c) 0.2845+0 1.0001 0. 0484+0.0002 0. 1320+0.0001, P11=0.00209+0.00006 
P 22=0.0117+0.0002 
P 33=0.0043+0.0001 
P12=0.009+0.0001 
P13=0.00098+0.00008 
P23=-0.0008+0.0002 
TI2 8(c) 0.0498+0.0002 0. 6776+0.0003 0. 5270+0.0002 P11=0.00350f0.00009 
P22=0.0167+0.0004 
P33=0.0051+0.0002 
P12=0.0063+0.0002 
P13=0.0021+0.0001 
P23=-0.0011+0.0002 
Nai 4(a) 0.067 + 0.002 0 0 B =' 3.6 + 0.6 
Na2 4(b) 0 0. 592 + 0.004 1/4 B = 4.7+ 0.7 
Nag 8(c) 0.297 + 0.002 0. 194 + 0.003 0. 421 + 0.002 B = 4.3 +0.4 
Na4 8(c) 0.126 + 0.002 0. 278 + 0.002 Ô .  207 + 0.002 B « 3.7 + 0.4 
Nag 8(c) 0.370 + 0.002 0. 405 + 0.003 0. 166 + 0,002 B = 5.2+ 0.6 
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Table 2. (Continued) 
FOBS fCALC ACALC RCAIC rOmS FCALC ACALC mCALC 
10 
t o  
18 2.4 5 11 
19 5.6 3.9 0 .8  5 12 
0 4 ,9  6.0 0 .6  13 
1 16.1 15.3 9 .7  11.8 9 14 
2 9 .1  -7 .6  5.0 5  19 
3 8 .2  8 .1  7.8 2.2 9 16 
IT.3 -17.3 -1 .9  9 17 
5 .1  4.9 -4 .2  2.9 9 18 
5.9 -1 .4  5 19 
7.1 0 .3  6.9 7 0 
6 .7  7.0 6 .9  0.9 7 1  
9.8 13.1 9 .8  2.5 7 2  
10 1 .7  -1 .7  0.5 7 3  
11 4 .3  3.0 -3 .1  7 4  
12 3 .8  -3 .0  -2 .3  9 
13 3.2 -2 .6  -1.8 6 
14 5 .7  4.1 -1 .5  
15 5 .7  3.6 0 .3  
16 5.7 3.9 3 .8  .  0 .7  
17 9.7 2.1 2 .0  10 
12.0 10.0 -0 .9  11 
1 9 .1  2.2 -0 .2  2.2 12 
2 9 .3  2.1 -1 .0  1.8 13 
3 9 .3  4.4 -2 .4  -3.7 14 
4 8 .4  -7 .9  0.9 19 
5  5.8 -4 .2  -3.0 7 16 
6 9 .9  2.7 2.4 7 17 
9 .9  3.9 •3 .1  2.2 7 18 
6 .9  7.2 6 .9  2.2 0 
9 .6  2.4 -2 .0  1.4 1  
10 9.6 3.0 -2 .2  2.0 2 
11 9.6 3 .1  -2 .4  •1.9 3 
12 9 .7  3.6 •3 .5  0.8 
13 9.7 1.6 -1 .6  -0 .3  
14 9 .7  1 . 8  1.8 0.9 9  6  
15 9.7 1 .9  -0 .2  1.4 9  7 
16 9.6 1 .9  1.7 0.6 9  8 
0 8 .9  6 .9  6 .9  0.1 9  
1  9.6 1 .9  •1.4 0.7 10 
2 9 .6  2 .9  1 .3  -2.1 11 
3 9 .6  1 .9  -0 .5  -1.8 12 
4 9.6 2 .8  •2.8 -0 .4  I )  
9 9.6 3 .1  2.7 -1 .9  
6 9.6 1 .7  1 .7  -0 .2  19 
9.6 2.9 2 .0  1.4 9  16 
9.7 3 .2  3 .1  11 0  
9 .7  0.9 •0.7 0 .6  11 1  
10 9 .7  1.9 -1 .4  •1.2 11 2 
11 9 .7  0 .9  •0.1 11 3 
12 9 .7  1.9 •1.9 -0.4 11 4 
13 9.6 1 .3  1 .3  0.0 11 
0  9.7 0 .9  0 .5  0.1 11 
1  9.7 2.1 -1 .8  1 .1  I I  
2 9 .7  1 .2  -0 .9  11 
3  9.7 1.4 •1 .3  0.1 11 
4  9 .7  1 .9  -1 .5  0.2 11 10 
9 9 .7  1 .7  1 .7  0.4 11 11 
6  9.7 1 .0  0.2 1.0 11 12 
7 9 .7  1 .2  1.0 0 .6  11 13 
9.7 0 .6  0 .6  -0 .2  11 14 
9  9.6 1.2 -1 .2  0.2 13 0 
0  16.9 14.2 14.2 13 1 
1 16.6 14.0 -11.3 -8 .4  l> 2 
2  26.8 21.9 •11.2 18.9 13 3 
3 62.2 -77.4 94.1 13 4 
4  48.9 44.1 22.1 13 9 
13.3 29.7 -7 .9  13 6  
6  13.8 -0 .5  11.8 13 
7 27.1 24.2 -14.1 -19.7 13 
8  34.2 10.1 14.5 26.4 13 
21.3 19.0 -17.8 -6 .7  13 10 
10 26.3 23.9 -5 .4  22.8 13 11 
11 18.5 17.3 -9 .2  14.6 15 0  
12 13.2 11.9 8 .0  15 1 
13 5 .3  4.6 0 .5  15 2 
14 8 .5  2.1 15 4 
15 i l .6  -11.4 15 
16 5 .6  2 .9  15 
17 5 .6  -2 .7  15 
18 5 .7  2 .1  1.1 0 
19 5 .7  2.7 -0 .1  2.7 0 1 
20 5 .7  1 .9  -0 .7  -1 .8  0 2 
.18.4 43.7 40.7 -0 .7  0 3 
1  48.6 53.1 -19.1 -49.6 0 4  
2 32.5 13.8 22.0 25.7 0 
3  13.7 -9 .4  -10.2 0 
9 .6  3.5 -8 .9  0 
21.8 22.6 27.5 -2 .2  
27.9 33.1 17.0 -24.8 
19.4 29.0 5 .0  -19.3 10 
14.7 15.8 15.7 -1 .8  11 
9 .2  9.0 -8 .4  -3.4 12 
10 10.3 11.5 -5 .4  10,2 0 13 
11 11.6 13.4 -2 .0  13,3 0 14 
12 9 .7  19.9 -7 .2  0 19 
13 9.1 19.7 8 .0  7.1 0 16 
14 5 .5  8 .1  0 17 
19 5 .6  1 .1  0.8 0.7 0 18 
16 5 .6  1.4 -0 .7  3.3 0 19 
17 5 .7  5.0 •7.9 4.0 0 20 
18 5.7 4 .9  -4.1)  2 .8  2 0  
19 5 .7  5 .0  0.2 5 .0  1 
20 5 .6  2 .9  -2 .3  -1.7 2 2  
4 .2  1 .9  1.8 2 3 
1  24.2 - I I .1  23.0 2 
2 23.3 26.3 -12i6 23.1 2 
3 18.6 -7 ,0  2 
12.3 17.1 -7 .4  -9 .5  2 
75,9 23.9 10.0 2 
6  27.2 -4 .5  -30.2 2 
7 14.1 I5I3  14.4 5 .2  2 10 
8 4 ,9  2 .6  -I .A •1.9 2 11 
5 .1  4.9 -4 .9  -0.1 2 12 
10 5 .2  0 .1  6 .0  2 11 
2.5 
2.1 
Q.3 
2 .7  
1 .9  
1 . 8  
-3 .0  
0.8 
0.2 
-12.3 
-12.1 
-2 .3  
-12.2 
4.9 
0.0 
-1.4 
-1.6 
-3 .9  
-11.5 
0.8 
-5 .2  
3.4 
1.8 
- i l l  
-0 .9  
-2 .7  
0.8 
-2.2 
9I2 
0.5 
2.4 
-4 .6  
-1.5 
1.7 
0.4 
1.8 
1.9 
-2.0 
0.3 
-2.1 
-7 .2  
UO 
-0.5 
1 .0  
2.8 
0.7 
-1 .7  
0.4 
-3 .0  
1 .3  
1 .3  
1.0 
2 .2  
0.0 
-0 .4  
-l.T 
0.9 
-0.1 
0.6 
1.5 
- 1 . 8  
-0 .3  
-1.5 
-1.0 
0.4 
0.5 
0 .4  
1.0 
0.4 
0 .3  
0.8' 
-0.0 
19.8 
0 .5  
-16.7 
1 . 1  
7.0 
1.0 
28.1 
0.5 
-5.6 
1.0 
-10.4 
2.8 
4.0 
-0 .1  
•4.4 
0.0 
-3 .4  
23.9 
-21.2 
-14.1 
-2 .8  
-24.0 
20.1 
0.3 
12.2 
13.2 
-3 .0  
-3 .9  
2.9 
-9 .2  
-0 .5  
-9.2 
-2 .7  
8.5 
-3 .2  
2.6 
-1.8 
2.8 
-1 .4  
6.4 
19.7 
•8 .4  
2.8 
-2 .3  
-2 .9  
6.6 
12.6 
3.4 
13.8 
•4 .1  
1.0 
-1.2 
-1 .3  
2.6 
3.1 
0.4 
1 .5  
-0 .4  
1.9 
3.6 
-10.8 
•3.7 
—8.1 
-6 .4  
9.9 
•1.6 
2.5 
•3.8 
-2.9 
0.2 
-1.6 
3.8 
0.9 
0.4 
8.0 
- 1 . 1  
-1.6 
-0 .5  
0.7 
4.9 
-0 .1  
1.8 
-3I1 
-0 .1  
-0 .9  
0.9 
-0 .3  
0.8 
:::! 
0.8 
-1 .2  
2.6 
1 .6  
0.1 
0 .4  
- i l o  
0I2 
-1 .6  
0.1 
-0 .3  
-0.1 
0.8 
0.0 
24.5 
-0 .2  
•70.9 
-0 .2  
•0.1 
8.8  
0.9 
-10.1 
0.8 
6.4 
0.3 
16.9 
9 .9  
0 .7  
-0.2 
0.3 
1 . 1  
97.3 
-28.7 
1 .4  
-12.7 
0 .9  
-5 .5  
24.4 
•25.1 
6 .4  
-24.8 
-14.9 
-5 .7  
-9.4 
10 
10 
10 
10 
10 
10 
10 
10 9  
10 10 
10 11 
t o  1 2  
> 9 .9  
> 9 .9  
> 9 .6  
• 9 .7  
• 9 .7  
•  9 .7  
» 9 .6  
» 4 .0  
24.1 
19.6 
17.0 
26.9 
12.9 
38.6 
9 .7  
14.9 
18.1  
> 9 .1  
> 9 .2  
14.7 
» 9 .4  
9 .8  
> 9 .6  
» 9 .7  
• 9 .7  
> 9 .7  
6 .4  
26.2 
22.9 
14.4 
7 .4  
13.4 
8 .7 
8 .7  
11.T 
7.9 
14.3 
» 9 .4  
» 9 .9  
> 5 .5  
> 9 .6  
» 9 .7  
» 9 .7  
» 9 .7  
10.7 
6.8 
10.9 
17.8 
».e 
13.6 
9 .2  
7 .7  
9.4 
9.4 
9.9 
9.9 
9.6 
9 .6  
9 .7  
9 .7 
9.7 
9.7 
9.0 
8.6 
9.4 
9.4 
6.8 
9.4 
5.9 
9.9 
9.6 
9.6 
9.6 
9 .7  
9 .7 
9.7 
9.7 
5 .7  
5.6 
9 .6  
9 .6  
9 .6 
9.6 
9.6 
9.6 
9 .7  
9 .7 
9.7 
9.7 
9 .7  
9 .7  
9.6 
9 .7  
9.7 
9 .7  
9 .7  
9.7 
9.7 
9.7 
9.7 
9.6 
5 .6  
61.2 
92.8 
19.2 
45.7 
42.0 
25.5 
39.6 
18 
(Continued) 
I ross PCALC ACALC acAi: L F08S FCAIC ACAUC 8CAIC I 
10 20.3 16.8 8.4 14.6 9 19 0 9.7 0.4 0.4 -0.1 6 10 10 
10.B 8.8 0.1 8.8 9 19 1 9.7 1.1 -1.0 -0.9 
19.Q 16.8 10.4 13.2 9 19 2 9.7 0.6 0.2 0.6 
R.B 7.3 9.6 -4.7 9 19 3 9.6 1.0 -1.0 -0.0 
14 11.3 11.3 -7.8 8.1 9 19 4 9.6 0.6 -0.6 
IS S S 2.3 •1.0 2.1 9 19 9 9.6 1.1 1.1 -0.1 
16 S.6 6.7 6.9 1.6 6 0 0 29.6 29.2 -29.2 0.0 
S.T 1.9 0.9 -1.3 6 0 1 74.0 69.9 0.1 -69.9 
S.T 3.8 3.7 -0.9 6 0 2 20.1 16.8 -16.8 -0.7 2 
S.T 4.0 -1.2 -3.8 6 0 3 3.9 0.3 0.3 -0.1 
20 S.6 2#0 2.0 -0.2 6 0 4 4.0 3.9 3.6 — 1.9 6 12 
23.2 20.2 -20.1 -2.4 6 0 9 7.9 T.8 0.1 6 12 9 
3S.7 32.9 18.9 -27.3 6 0 6 8.1 6.1 -6.1 6 12 6 
2 19.0 18.8 4.9 -18.3 6 0 7 44.8 38 9 1.0 -38.4 6 12 7 ) 41.6 38.7 12.8 -36.9 6 0 8 9.1 6.T *^6.7 -0.2 6 12 8 
4 21.3 18.9 18.2 -3.8 6 0 9 16.7 14.1 2.2 -14.0 6 12 9 
36.B 34.3 -21.9 -26.4 6 0 10 9.0 4.1 4.0 -0.8 6 12 10 
6 8.3 -7.0 4.9 6 0 11 27.8 24.9 1.9 24.9 6 12 11 
T ulo 13.9 -13.9 -0.4 6 0 12 10.4 10.0 10.0 -0.3 6 12 12 
S 13.B 14.2 -13.4 -4.8 13 Il.T 10.9 0.9 10.4 6 14 0 9 19.6 16.4 16.2 2.8 » 0 14 9.9 3.2 3.0 1.0 6 14 1 
10 12.9 13.3 9.9 -11.9 19 9.6 4.9 0.9 —4.4 6 14 2 
11 S.2 2.9 2.9 0.1 6 0 16 9.6 1.0 6 14 3 
12 #.3 9.3 9.3 0.4 17 9.T 9.9 0.9 9.4 6 14 4 
IS 10.6 10.4 -9.1 9.0 6 0 18 9.T 1.9 1.9 0.3 6 14 9 
14 s.s 4.8 -3.2 3.9 6 0 19 T.4 8.4 0.0 8.4 6 14 6 
IS e.2 8.3 8.3 6 0 20 9.6 1.9 1.8 4 14 7 
16 s.6 3.T -3I0 -2.2 6 2 0 9.2 1.3 -1.1 6 14 8 
IT S.T 6.9 4.9 4.9 6 2 1 3.9 3.3 3.0 T 1 0 
It S.T 2.8 2.3 -1.7 6 2 2 18.3 16.9 6.9 T 1 1 
S.T 1.7 -0.2 1.7 6 2 3 4T.0 41.9 1.9 41.9 7 1 2 
4.4 4.3 4.0 l.T 6 2 4 32.0 28.0 14.0 •24.2 7 1 3 
1 31.T 32.8 24.6 21.T 6 2 9 41.2 36.2 -12.0 34.1 T 1 4 
2 IB.9 18.0 -2.4 -1T.8 6 2 6 44.2 3T.9 0.4 T 1 S 
24.4 24.2 17.3 IT.O 6 2 7 18.6 IT.6 •7.0 7 1 6 
10.0 9.2 9.2 -T.6 6 2 8 13.3 10.9 -6.9 -8.4 T 1 7 
20.B 20.9 -17.1 11.4 6 2 9 9.6 6.0 -1.4 7 1 8 
4.8 3.3 2.9 2.2 6 2 10 9.1 4.0 -2.4 -3.2 7 1 9 
T 8.3 7.9 -6.7 4.3 6 2 11 11.9 11.9 11.4 7 1 10 
• 12.T 12.8 -0.2 -12.8 6 2 12 14.9 13.9 0.7 7 1 11 
« 16.4 16.7 16.6 1.9 6 2 13 9.4 4.3 -3.7 T 1 12 
10 14.4 14.6 -0.9 -14.6 6 2 14 11.6 lO.T -3.0 13 
II 6.T 9.7 9.1 -2.6 6 2 19 12.1 11.6 7 1 14 
12 S.4 2.8 -1.0 -2.6 6 2 16 9.6 3.3 -3.2 7 1 19 
11 8.3 9.2 -8.6 -3.2 6 2 17 9.T 3.9 1.8 7 1 16 
14 S.6 1.8 -1.6 0.9 6 2 18 9.T 1.4 -.0.4 T 1 17 
IS S.6 2.8 -0.1 -2 8 6 2 19 9.T 2.4 1.0 T 1 18 
16 S.T 2.7 -2.T 6 4 0 11.9 11.8 -Il.T 1.6 T 1 19 
IT S.T 9.7 9ll -2.9 6 4 1 9.0 9.9 9.8 1.2 T 3 0 
le S.T 1.9 0.2 -1.9 6 4 2 46.9 48.1 -3.0 48.0 7 3 1 
19 S.6 1.4 -0.1 -1.4 6 4 3 29.8 24.T 11.0 7 3 2 
0 S.S 9.9 9.9 -0.1 6 4 4 10.9 9.6 -0.3 7 3 3 
1 12.0 10.3 10.1 '  -1.8 6 4 9 8.3 8.8 7 3 4 
2 6.6 6.8 -9.0 -4.6 6 4 6 4.T 9.3 -1.8 7 3 9 ) 13.0 12.6 10.2 T.4 6 4 7 6.3 4.9 3.2 7 3 6 
4 IT.T 17.6 -13.4 11.3 6 4 8 24:3 21.8 -3.4 7 3 7 
5 12.3 12.9 -12.9 3.2 6 4 9 9.2 8.T 8.T 7 3 8 
6 16.1 16.3 -1.0 16.3 6 4 10 26.2 29.3 0.3 7 3 9 
S.2 9.0 -4.8 -1.2 6 4 11 T.8 T.9 9.3 9.3 7 3 10 
10.1 8.9 9.6 6.9 6 4 12 9.4 1.6 0.9 1.9 7 3 11 
' 8.6 8.3 8.3 6 4 13 9.9 1.4 -1.4 0.1 7 3 12 
10 S.4 3.9 -2.4 6 4 14 9.6 2.6 -0.3 7 3 13 
S.S 3.1 1.9 2.8 6 4 19 9.6 3.9 7 3 14 
12 6.3 6.8 -2.6 6.3 6 4 16 9.T 6.9 -O.T 7 3 19 
1) S.6 9.6 -9.6 1.0 6 4 17 9.T 1.3 1.1 7 3 16 
14 S.6 4.9 4.6 6 4 IB 9.T 3.4 -0.1 3.4 7 3 IT 
IS 9 T 1.9 -olJ -1.4 6 4 19 9.6 0.8 «0.2 0.7 7 3 18 
16 9.T 2.1 2.1 6 6 0 4.T 9.T -4.6 -3.2 7 3 19 
IT 9.T 2.8 2.7 -0^2 6 6 1 19.0 13.2 4.2 -12.9 7 9 0 
la 9.6 1.0 -0.7 -0.7 6 6 2 18.3 16.2 -3.4 19.8 7 9 1 
0 13.2 13.2 13.2 -1.3 6 6 3 19.1 1T.8 -0.2 -17.8 7 9 2 
1 11.9 10.0 2.9 -9.9 6 6 4 9.T 9.6 -9.6 -7.8 7 9 3 
2 6.3 6.0 6 6 9 16.9 19.3 -8.9 -12.9 ? S 4 
3 9.3 2.4 1I3 -2.0 6 6 6 24.T 23.8 -2.3 -23.7 7 9 9 
4 9.4 9.2 -8.9 -2.4 6 6 7 8.2 T.3 -T.O -2.0 7 9 6 
S 9.7 9.4 9.4 -0.3 6 6 8 9.2 3.2 3.1 7 9 T 
6 9.4 2.9 2.1 -1.4 6 6 9 9.3 2.0 0.2 2.0 7 9 8 
6.B 9.9 -2.0 9 9 6 6 10 T.8 8.8 QU 8.8 T 9 9 
8.8 7.3 6.3 -3.8 6 6 11 9.4 1.0 -0.7 -0.7 T 9 10 
9 9.9 2.3 1.8 -1.9 6 6 12 6.9 6.6 -0.4 *6.6 7 9 11 
10 9.6 3.9 -2.4 -3.1 6 6 13 9.6 3.8 -3.2 2.1 7 9 12 
11 9.6 3.4 -0.3 3.4 6 6 14 9.6 6.6 1.0 -6.9 7 9 13 
12 9.6 4.9 -4.9 6 6 19 9.T 4.9 -1.1 4.4 7 9 14 
13 9.T 2.9 -2.2 "u! 6 6 16 9.T 3.0 1.1 2.8 7 9 IS 
14 9.T 1.7 l.T -0.3 6 6 17 9.T 2.9 1.1 2.2 7 9 16 
IS 9.T 0.3 -0.1 -0.3 6 6 18 9.T 2.3 0.2 2.3 7 9 IT 
16 9.6 1.8 1.6 -0.7 6 8 0 8.2 T.3 7.2 1.3 7 9 18 
0 T.9 6.0 9.9 1.1 6 8 1 18.4 16.8 9.1 16.0 7 7 0 
1 9.9 1.8 -0.4 1.7 6 8 2 9.9 10.2 4.0 9.4 7 7 1 
2 9.9 0.9 0.4 0.8 6 8 3 9.1 4.4 1.7 •2.4 7 7 2 
3 T.8 9.9 0.3 9.8 6 8 4 9.9 4.1 0.9 -4.1 7 7 3 
4 T.3 9.2 -9.2 -0.3 6 8 9 9.2 0.8 -0.1 -0.8 7 7 4 
S 9.9 4.2 2.3 3.9 6 8 6 11.0 10.9 2.6 -10.2 7 7 S 
6 9.6 2.1 2.0 -0.7 6 8 7 11.6 10.4 10.4 7 7 6 
T 9.6 1.9 1.6 -1.0 6 8 8 S.4 3.2 2.6 -1.9 7 7 T 
6 9.6 4.4 4.4 6 8 9 S.S 4.0 2.6 3.0 7 ? 8 
S.T 0.8 -0.1 6 B 10 9.9 2.9 2*3 7 7 
10 9.T 1.9 -1.9 -0I2 6 8 11 T.O 6.6 0.9 -6.9 7 7 10 
11 9.T 1.3 1.3 6 8 12 9.6 4.8 -2.2 -4 .2 7 7 11 
12 9.T 2.4 -2^4 -0 .4  6 8 13 9.T 2.T -2.7 7 7 12 
13 9.7 0.7 0.7 -0.3 14 9.T 3.6 -0.9 -3.9 7 7 13 
14 9.6 1.2 1.1 6 8 19 9.T l.T -0.1 1.7 7 7 14 
0 9.7 1.9 1.9 -oil 6 8 16 9.T 1.4 0.0 1 .4  7 7 IS 1 9.7 2.8 2.9 -1.3 6 8 17 9.6 0.9 0.9 -0.8 7 7 16 
2 9.7 1.7 -1.0 1.4 6 10 0 9.4 O.T -0.7 IT 
3 9.7 2.1 -2.0 0.8 6 10 1 6.8 7.6 -0.4 7.9 7 9 0 
4 9.7 2.7 -2.7 0.9 6 10 2 S.4 4,4 -3.6 2.9 7 9 1 
9 9.7 1.6 1.4 0.6 6 10 3 8.S 6.4 -6,4 7 9 2 
6 S.T 0.1 -0.0 -0.1 6 10 4 6.2 9.6 -4.2 3 
T 9.7 1.1 0.6 6 10 9 S.S 3.8 -0.2 -3.8 4 
$ 9.7 1.6 1.1 1I2 6 10 6 S.S 2.9 -0.9 2.3 7 9 9 
9 9.7 1 .4  -1 .4  6 10 7 6.3 6.6 0.4 6.9 7 9 6 
10 9.7 1 .4  1I3 6 10 8 S.6 3.9 1.2 3.7 7 9 T 
11 9.6 1.0 0.8 6 10 9 S .6 2.9 0.9 7 9 8 
Foes fCALC ACALC BCALC 
9.6 2.6 2.6 
3.8 0.9 
1.2 -0.6 ilo 
0.9 0.2 
1.1 
2.9 
0.7 
0.2 
0.8 
2.2 
1.0 
2.0 
0.2 1.0 
6^0 9I1 
1.8 
09 
-1.3 
2.8 
1.0 
0.9 
0.1 
1I4 ol6 
1.3 
1.9 
•1.0 
-0.6 
2.0 
0.6 
-0.6 
-0.6 •olo 
0.9 0.9 0.4 
1I9 ^ 0I3 
0.2 0.2 oil 
0.9 -0.1 0.9 
0.8 0.8 
ill 
0.7 
92.1 
17.2 
0^6 
0.4 
92.1 
-8.3 
llo 
29I0 
19.2 
12.7 
39.0 
29.4 
4.0 
1.9 
21.9 
IBIB 
27.6 
I7I9 
23.0 
6lo 
20.0 
6.3 
17.9 
6.3 
4.9 
18.2 
4 8 ol6 
6^2 
1.9 
4I1 
0.0 
9.0 
3.8 
9.6 
4.0 
-3.0 
-9.9 
3I0 
1.1 
3.0 
32.S 
23.2 
•0.8 
2.0 
-27I0 
39I0 
30.3 
32.4 
22.3 
5.7 
16.9 
-1.7 
I2I9 
20.0 
3.1 
I2I9 
-3.0 
slo 6.6 -6.2 
lolo 8 9 
SIb 
6.4 
0I9 
6.3 
9.3 
1.0 
2.1 
-4.7 
-0.4 
0.9 
2ll8 
14.1 -2I0 
13.0 I0I9 6^9 
9I3 
6.9 
0I7 
6.3 
itio 
9.0 
17.7 
1.7 
7.0 9.7 
6 .6 
4.6 
-2.6 
-6.3 
-2.9 
-9.0 
8.8 
4.1 
1.6 
2.3 
8.9 
-2.2 
0.3 
-1.7 
9.1 
1.6 
16.7 
-4.9 
-1.6 oil 
19.1 
8.0 -4.9 
9.7 
11.1 7.7 bIo 
16.1 16.0 
7.0 -3.4 
8 9 -6.9 6lo 
4.9 -4.8 1.0 
lis 
9.1 
1I9 
3.7 
oil 
1I9 
1.0 
-1I2 
1.0 
1.6 -&,9 0I7 
2.9 
14.3 
-2.9 
-2!° 
2I2 
7.4 
-I!2 
-6lo 
3I1 
4.9 
0I7 
-3.9 
-3I0 
2.4 
8.1 
-1.8 
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le (( Coni tinu ed) 
M K L FOBS ACALC BCALC 
17 3 14 0.1 -3.2 
.17 5 0 -7.8 -0.7 
17 5 1 -8.0 -3.7 
17 5 2 12.1 1 -5.3 11.7 
17 3 5.5 -0.7 
17 5 4 -3.7 1.5 
17 5 5 4.0 0.5 
17 5 6 -2.6 -5.1 
17 5 7 1.1 0.2 
17 5 8 -0.2 5.0 
17 5 9 -3.8 -0.1 
17 5 10 0.7 7.9 
17 5 11 0.3 0.8 
17 5 12 1.0 -0.0 
17 5 13 2.8 1.0 
17 7 0 1.5 -2.7 
17 7 1 0.0 -1.7 
17 7 2 3.5 3.3 
17 7 3 -1.9 -6.6 
17 7 4 4.7 —4.6 
17 7 5 1.4 -4.0 
17 7 6 -0.4 —8.4 
17 7 7 -0.7 0.6 
17 7 8 -1.9 -1.4 
17 7 9 -3.7 0.1 
27 7 10 0.5 1.5 
17 7 11 -1.1 -1.9 
17 7 12 0.1 -2.1 
17 9 0 -3.1 3.7 
17 9 1 0.9 7.6 
17 9 2 1.5 5.5 
17 9 3 1.7 0.5 
17 9 4 4.2 1.7 
17 9 5 2.7 0.2 
17 9 6 0.7 -0.7 
17 9 7 2.3 3.8 
17 9 8 -0.6 0.8 
17 9 9 1.1 1.3 
17 1 0 -4.4 -2.3 
17 1 1 -1.7 0.1 
17 . 1 2 -2.8 —0.8 
17 1 3 -1.8 -2.8 
17 4 -0.8 0.6 
18 0 0 15% 1 2 20.6 0.0 
IS 0 t 11.2 1 -0.0 13.9 
18 0 2 6.9 0.6 
18 0 3 0.3 —3.1 
18 0 4 -5.6 1.2 
18 0 5 0.8 1.6 
18 0 6 3.1 0.5 
18 0 7 1 -0.7 12.3 
18 0 8 7.9 0.9 
18 0 9 -1.8 4,1 
18 0 10 3.8 2.1 
18 0 11 -0.8 -4.6 
18 0 12 -8.6 0.9 
18 0 13 -0.7 0.8 
18 0 14 -2.0 -0.7 
18 2 0 3.9 0.3 
18 1 -5.1 4.8 
18 2 -5.2 •4.4 
18 3 -1.7 -7.3 
18 4 11.3 1 -11.3 4.4 
18 5 7.5 -4.9 
18 6 -0,5 7.0 
18 7 5.8 5.6 
18 8 6.7 -0.2 
18 9 -0.9 0.9 
18 10 0.8 0.2 
18 11 0,9 -4.4 
18 12 -2,2 4.2 
18 13 4.0 0.6 
18 14 2.1 2.3 
18 0 5.7 -2.5 
18 1 -7.0 -2.9 
18 ' 2 1 0.5 -11.8 
18 3 -7.7 -5.9 
18 4 -3.8 -0.8 
18 5 2.1 -3.6 
18 6 -0.3 3.6 
18 7 -0.2 0.5 
18 8 1.7 -4.9 
18 9 -7.6 0.2 
18 10 -0.5 -5.2 
18 11 -4.0 -1,6 
18 12 -1.6 1,4 
18 13 2.0 -0.1 
18 0 3.1 4.0 
18 1 -2.6 3.7 
18 2 4.6 -4.0 
18 3 -0.7 5.7 
18 4 4,3 1.6 
18 5 8.0 2.9 
18 6 2.0 4.6 
18 7 5.5 —0.5 
18 8 0.2 -2.7 
18 9 -1.7 -0,0 
18 10 0,6 -3.5 
18 11 -0,6 0.6 
18 12 0,3 1.5 
18 0 -8.7 -0.1 
18 1 -6,3 -2.9 
18 2 —4.0 -1.2 
18 3 -4.9 3.7 
18 4 -0.5 2.3 
18 5 2,5 
18 6 -2.4 3,9 
18 7 0.7 -1.6 
18 8 -2.6 1.4 
18 9 -1.8 0,3 
18 0 0.2 -2.1 
18 1 1.3 -5.1 
FOBS FCALC ACALC BCALC 
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0.7 
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8.4 
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10.5 
8.3 
6.8 
9.9 
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1.1 
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5.6 
5.1 
6.4 
4.2 
4.2 
5.6 
6.9 
1.5 
1.5 
6.2 
1.9 
1.7 
6.8 
6.3 
7.1 
2.9 
4.3 
6.0 
1.4 
4.4 
1.7 
1.1 
7.6 
2.4 
2.8 
2.5 
7.7 
6.8 
10.5 
9.6 
6.8 
3.6 
6.1 
3.4 
1.0 
1.6 
8.6 
1.5 
8.6 
4.7 
8.2 
8.9 
1.9 
4.8 
4.6 
6.8 
3.6 
5.1 
3.0 
5.3 
3.4 
4.7 
6.0 
7.9 
0.6 
2.1 
5.2 
6.6 
5.8 
3.5 
1 .6  
4.3 
1.7 
5.1 
6 .1  
7.8 
4.7 
4.1 
0.7 
7.1 
1 . 2  
1.0 
2.3 
4.1 
5.2 
6.3 
0.5 
2.2 
"0.2 
3.2 
-0.0 
-15.1 
1.8 
-1.7 
-2.1 
7.6 
-7.4 
-5.0 
-5.2 
-8.2 
-2.1 
3.3 
-3.3 
4.2 
-2.6 
0.8 
8.3 
6.5 
6.7 
9.9 
-4.3 
0.9 
-0.6 
-3.4 
6.2 
1 . 1  
0.6 
1.4 
-5.6 
4.1 
5.5 
4.0 
2.8 
-5.6 
—0.8 
-1 .1  
—0.3 
6.2 
0.5 
1.7 
5.5 
3.3 
—0.3 
1.5 
3.8 
5 8 
0.1 
3.8 
1 . 1  
0.8 
6.8 
3.0 
2.7 
3.5 
-0.6 
1.6 
2.7 
2.5 
0.3 
6.8 
0.6 
9.6 
-0.1 
3.3 
0.3 
-2.8 
0.9 
-1.4 
-0.5 
1.3 
-8.5 
1.5 
-3.9 
3.3 
1.4 
1.0 
-0.5 
1.4 
-2.6 
4.3 
0.2 
3.5 
2.9 
-4.0 
1.? 
-1.8 
-0.5 
-0.2 
-5.2 
-1.2 
-5.2 
—2.0 
-1.2 
-0.8 
-0.2 
4.9 
5.4 
4.4 
4.5 
3.4 
0.7 
2.0 
-0.1 
0.9 
2.3 
-3.9 
-0.8 
3.5 
-0.0 
-2.3 
—0.6 
-2.7 
-0.8 
-0.7 
3.5 
-3.1 
-6.8 
-0.2 
-6.1 
1 . 1  
3.0 
-1.9 
2.4 
-3.4 
-4.0 
-1.0 
-3.1 
0.7 
6.5 
-5.1 
-1.1 
-0.4 
-0.9 
3.6 
3.8 
-1.5 
3.1 
-3.7 
-0.8 
0.5 
0.7 
3.1 
-3.3 
1.3 
3.2 
0.6 
6.8 
l.l 
1.5 
0.6 
-1.8 
0.1 
-4.0 
-5.4 
-7.1 
-2.5 
-2.1 
-1.5 
1.4 
-2.1 
-1.2 
—0.8 
3.2 
2.1 
-0.1 
3.6 
0.5 
1.7 
0.8 
0.0 
-7.7 
0.0 
10.4 
0.0 
6.8 
1.3 
—6.1 
1.9 
0.4 
0.6 
8.6 
0.6 
1.0 
-4.5 
7.2 
8.2 
-1.3 
4.7 
—4.6 
2I9 
-2.8 
3.0 
4.0 
-1.7 
-2.4 
-5.9 
7.7 
-0.3 
-2.1 
0.3 
-6.5 
-2.5 
2.9 
- 1 . 1  
4.2 
1.7 
1.2 
2.8 
6.4 
-1.3 
-2.4 
-0.7 
—6.6 
1.2 
0.3 
-0.1 
1.3 
5.1 
5.3 
-0.5 
20 
20 
20 
21 
21 
21 
21 
21 
21 
21 
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21 
21 
21 
21 
21 
22 
22 
22 
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24 
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24 
24 
24 
24 
24 
24 
24 
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L FOBS FCALC ACALC 
4 • 5.7 3.4 -2.5 
5 • 5.6 1.3 -1.2 
6 # 5.6 0.5 —0.5 
0 • 5.7 8.0 8.0 
1 * 5.7 3.9 -3.6 
2 » 5.7 3.9 -3.6 
3 # 5.7 4.1 -4.0 
4 8.8 12.0 -11.9 
5 • 5.7 2.1 -0.3 
6 • 5.7 l.l 0.6 
/7 • 5.7 2.8 -2.8 
8 • 5 7 5.7 5.6 
9 • 5.7 5.8 -5.2 
10 • 5.7 3.7 3.5 
11 • 5.6 2.1 -2.0 
0 6.4 11.4 11.4 
1 • 5.7 5.1 -4.6 
2 * 5.7 4.2 4.2 
3 * 5.7 3.2 -3.2 
4 • 5.7 2.5 -2.2 
5 • 5.7 6.7 6.7 
6 • 5.7 3.9 2.9 
7 • 5.7 2.7 2.7 
8 • 5.7 5.0 4.8 
9 • 5.7 4.3 -4.3 
10 • 5.6 1.4 -1.2 
0 » 5.7 4.0 -2.9 
1 • 5.7 7.0 >6.5 
2 * 5.7 3.8 -1.7 
3 # 5.7 5.2 3.8 
4 # 5.7 2.2 -1.3 
5 6.1 7.1 
6 • 5.7 0.7 -0.7 
7 • 5.7 4.2 4.1 
8 • 5.6 0.5 0.5 
9 • 5.6 3.0 -3.0 
0 # 5.7 5.7 -4.9 
1 # 5.7 6.5 -5.0 
2 * 5.7 1.6 -1.4 
3 • 5.7 5,5 -5.1 
4 # 5.7 0,9 0.7 
9 # 5.6 1.6 0.9 
6 * 5.6 2.6 -2.4 
0 * 5.7 3.7 3.7 
I # 5.7 4.2 0.0 
2 • 5.7 4.5 4.5 
3 6.1 9.7 0.2 
4 • 5.7 3.8 3.7 
5 • 5.7 5.7 1.1 
6 # 5.7 1.0 0.9 
7 • 5.7 7.6 1.1 
8 • . 5.7 1.9 1.9 
9 * 5.6 4.1 -0. 1 
0 • 5.7 1.8 -1.7 
1 * 5.7 8.3 1.1 
2 * 5.7 5.4 -1.0 
3 • 5.7 4.3 1.3 
4 * 5.7 1.0 —0.8 
5 • 5.7 3.1 1.0 
6 * 5.7 3.6 -1.8 
7 • 5.7 5.5 2.5 
8 • 5.7 2.8 -0.3 
9 * 5.6 2.4 1.8 
0 • 5.7 2.6 -2.1 
1 # 5.7 1.5 -1.4 
2 • 5.7 7.6 -2.6 
3 • 5.7 3.2 -2.0 
4 • 5,7 3.3 -2.4 
5 * 5,7 3.4 -2.8 
6 • 5.7 7.4 -1.5 
7 # 5.6 2.0 -1.0 
8 # 5.6 0.8 -0.7 
0 • 5.7 5,4 5.4 
I • 5.7 3,1 2.3 
2 • 5.7 8,0 3.1 
3 • 5.7 1.5 1.5 
4 • 5.6 1.7 1.3 
5 • 5.6 1.0 0.4 
0 6.8 10.2 -10.2 
1 • 5.7 1.5 1.4 
2 • 5.7 2.2 — l.O 
3 • 5.7 3.1 0,5 
4 * 5.7 6.1 6.0 
5 • 5,7 3.3 -3.2 
6 • 5,7 3.1 -2.2 
7 * 5.6 2.5 -1.8 
0 • 5.7 2.5 -2.2 
1 # 5.7 6.3 5.3 
2 • 5.7 2.2 2.1 
3 • 5.7 3.6 3.3 
4 * 5,7 6.1 5.7 
5 • 5,7 4.6 -4.5 
6 # 5,6 2.3 0.5 
0 • 5,6 2.1 -0.9 
1 • 5,6 6.4 5.1 
2 • 5.6 3.2 0.1 
3 # 5.6 5.1 4.7 
4 * 5.6 1.0 1.0 
0 • 5.7 5.2 5.2 
1 * 5,7 8.3 0..1 
2 • 5.7 0.3 0.3 
3 • 5,7 2.5 0.5 
4 • 5.6 1.9 -1.8 
5 * 5.6 2.2 0.2 
0 # 5,7 3.0 2.9 
1 • 5.7 2.2 -1.3 
2 * 5.6 3.3 -0.1 
3 • 5.6 5.3 -0.4 
4 • 5.6 2.9 -2.4 
0 # 5.6 2.3 -2.3 
1 • 5.6 3,9 -3.6 
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Table 2 becausA their integrated intensities were obscured 
by fluorescent radiation from the Pd filter. The (1,1,10) 
reflection is also excluded since its observed intensity was 
obscured by overlap with the (1,1,11), a reflection of much 
stronger intensity. In Table 2, the unobserved reflections 
are indicated by asterisks. 
F. Precision Lattice Constants 
Precision lattice constant data were obtained from 
crystal B with a General Electric Spectrogoniometer equipped 
with a Single Crystal Orienter and a scintillation counter. 
Cu Key radiation was used with the wavelength of the Cu Kai 
o 
line being taken as 1.54051 A. The 20 scan technique was 
used to measure the Bragg angle. The effect of the time 
constant on the half-height value of 20 was determined to be 
negligible. Forty-eight data points were measured in the 
range 151° < 20 < 162°. These data were used in a linear 
least-squares fit (35) to the Nelson-Riley extrapolation 
function (26) in order to obtain the following lattice con­
stants; 
ao = 13.9350 + 0.0004 A 
bo = 8.8797+0.0003 
Co = 11.6927 + 0.0004. 
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An independent extrapolation against the eccentricity func­
tion (35, p. 7) gave the same results. The standard devia­
tions are for the random errors only. 
G. DlscuBdlon of the Structure 
Examination of the interatomic distances given in Table 
3 and of a thallium coordination polyhedron (see Figure 2b) 
give some insight into the nature of the Na2Tl structure. 
The most striking feature of this structure is the presence 
of four-atom thallium tetrahedra (see Figure 2a). These 
tetrahedra are almost regular; the maximum deviation from the 
average interatomic distance characterizing a regular tetra­
hedron is TL and all the angles defined by adjacent edges are 
within 60° + 2°. The interatomic distances within a thallium 
tetrahedron are abnormally short (an average distance of 
3.224 A). In the elemental structure, the distance of closest 
o 
approach is 3.407 A, indicating a contraction of 5.4% in the 
Tl-Tl distances. A contraction of this magnitude implies 
strong Tl-Tl bonding within the tetrahedron. Another strik­
ing feature of the structure is the absence of any intertetra-
hedral nearest-neighbor interactions between Tl tetrahedra. 
The thallium coordination is twelvefold with three Tl atoms 
and nine Na atoms arranged in a polyhedral configuration 
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Table 3. Interatomic distances in Na2Tl^ 
Neighbor Distance Neighbor Distance Neighbor Distance 
Tli Tl2 Nai 
o o o ^ 
Tli 3.204A Tli 3.296A Tli 3.43A(2) 
Tl2 3.296 ^ Tli 3.179 Tl2 3.31 (2) 
Tl2 3.179 Tl2 3.216 Na3 3.44 (2) 
Nai 3.43 Nai 3.31 Na4 3.56 (2) 
Na2 3.33 Na2 3.40 Nas 3.46 (2) 
Na3 3.62 Na2 3.61 Nag 4.09 (2) 
Na3 3,55 Na3 3.68 Na2 
Na3 3.40 . Na3 3.73 
Na4 3.29 Na4 3.31 Tli 3.33A(2) 
Na4 3.13 Na4 3.26 Tl2 3.40 (2) 
Na5 3.41 Na5 4.20 Tl2 3.61 (2) 
Na5 3.44 Nag 3.23 Na3 3.58 (2) 
Na4 3.33 (2) 
Nas 3.46 (2) 
Na3 Na4 Nas 
Tli 3.62A Tli 
o 
3.13A Tli 
0 
3.41A 
Tli 3.55 Tli 3.29 Tli 3.44 
Tli 3.40 Tl2 3.31 Tl2 3.23 
Tl2 3.68 Tl2 3.26 Tl2 4.20 
Tl2 3.73 Nai 3.56 Nai 3.46 
Nai 3.44 Na2 3.33 Nai 4.09 
Na2 3.58 Na3 3.53 Na2 3.46 
Na3 3.92 Na3 3.52 Na3 3.66 
Na4 3.53 Na3 4.12 Na3 3.80 
Na4 3.52 Na4 3.66 Na3 3.62 
Na4 4.12 Na5 3.61 Na4 3,61 
Na5 3.66 Nas 3.63 Na4 3.63 
Na5 3.80 Nas 4.23 
Na5 3.62 Nas 4.11 
distance Standard deviation 
Tl-Tl +0.003A 
Na-Tl +0.02 
Na-Na +0.03 . 
3.I79A 
Figure 2a. A thallium tetrahedron in Na2Tl 
Figure 2b. A thallium coordination polyhedron in Na2Tl 
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which deviates only moderately from a re^lar icosahedron 
The T1 tetrahedra are thus separated one from another by 
Na sublattice. 
28 . y-
III. MOLECULAR ORBITAL CALCULATIONS 
A. Background 
In principle, a discussion of compound stability and 
bonding in terms of either a tight-binding theory or a weak-
binding theory should lead to the same results. Hence, it is 
worthwhile to discuss the relationship between tight-binding 
theory as expressed in terms of LGAO-molecular orbitals and 
weak-binding theory as expressed in terms of a nearly-free 
electron model. Consider two atomic wave functions as in 
Figure 3. Linear combinations of these two atomic orbitals 
result in two different "mixed" wave functions (molecular 
orbitals). One of the resultant wave functions increases the 
charge density between the nuclear sites (bonding state) and 
the other reduces the density between the sites (anti-bonding 
state). If one considers nearest and possibly next-nearest 
neighbor wave functions, such short-range interactions give 
rise to only a few discrete mixed states. In fact, the 
number of discrete states will be the same as the number of 
atomic orbitals participating in the interactions. Inclusion 
of further interactions will eventually lead to some sort of 
band structure (see Figure 4), albeit the energy distribution 
—* 
in k space may deviate quite drastically from the parabolic 
SQUARED 
A/  B 
BONDING 
= ELECTRON DENSITY 
SQUARED. ANTIB0NDIN6 
"3 
N) 
VO 
ANTIBONDtNG 
/ \ 
ISOLATED ATO r^NOWBOWDIMG\ ISOLATED ATOM 
ENERGY ENERGY 
BONDING 
Figure 3. Atomic wave function interactions 
 ^ *. > 
V 
> 
V| 
. I Atomic wave functions interact to form band structure 
> ) 
I Core states 
A/r equil 
Splitting due to 1st nearest neighbor interaction 
Splitting due to 2nd nearest neighbor interaction 
Band structure due to nth nearest 
neighbor interaction 
NUMBER OF INTERACTION — 
Figure 4. Relationship of molecular orbital and nearly-free 
electron theories 
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. ^ 
relation characterizing the energy distribution of the (free 
c-
electron model. 
In the nearly-free electron model, the electron gas is 
initially allowed an unrestricted distribution throughout the 
lattice. Application of the periodic potential term results 
in discontinuities in the energy distribution in k space. 
The regions of continuous energy distribution are the bands. 
If the potential term modifies the energy distribution such 
that the discontinuities are large and are separated by small 
regions on continuity, the resultant model is quite similar to 
that achieved by the tight-binding approach. Indeed, the 
potential term necessary to produce such a model implies 
tight-binding of either a covalent or ionic nature. 
The implication of strong Tl-Tl bonding in the T1 tetra-
hedra suggests that a tight-binding (LCAO-molecular orbital) 
approach should be undertaken as an initial attempt to char­
acterize the behavior of the valence electrons in the vicinity 
of a T1 tetrahedron. For simplicity one may assume no Na-Tl 
interactions, and, in the absence of any strong Tl-Tl second 
nearest-neighbor interactions, one can for the purpose of a 
molecular orbital calculation treat a thallium tetrahedron as 
an independent entity. 
32 
The molecular orbitals for such a calculation are 
obtained from a linear combination of symmetry.orbitals, i.e., 
(3.1) 
where is the i^h molecular orbital (MO) and kj is the 
coefficient of the symmetry orbital $j. The symmetry 
orbitals are, in turn, given by a linear combination of atomic 
orbitals (AO's), i.e., 
®i = aj0j, (3.2) 
where 0j is the atomic orbital and Nf is the i^^ normali­
zation constant. Application of group theory to the symmetry 
of the thallium tetrahedron yields the appropriate coeffi­
cients aj (6, pp. 89-116). Group theory also yields the 
riumber and character of the symmetry orbitals. 
The MO's can be used to generate an energy level diagram. 
The conventional treatment of energy calculations, including 
overlap, yields a secular determinant in the form 
ki(ai - E) + 2 kj Oij " ES^j) = 0, (3.3) 
where is an exchange integral, is the conventional 
Coulomb integral, and Sj[j is the overlap integral between 
and 95j (7, p. 50). Nf is given by 
= f 2jL®i (3.4) 
S /|aj0jl^dT + 22 (3.5) 
Ic^j 
/ 
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Ni can now be defined in terms of a sum of its appropriate 
overlap terms, i.e., 
N:2 = Si + S(i), (3.6) 
where 
S I -  2 ^  ~  z  (3 . 7 )  
and 
S(i) = 2 2j'agaj0*jç0jdT (3.8) 
In the same manner, oi± can be separated into its core terms 
t 
®i'^i its exchange terms (the sum of the exchange 
terms between the AO's of CB^). Since only one atomic species 
is considered, it is conventionally assumed that = S^jPo 
and ar| = <y where Pq and a are unevaluated constants. The 
secular determinant (Equation 3.3) can then be reduced to 
ki(l - siNiy) +Y, kjNiNjSij = 0, (3.9) 
where y defines the eigenvalues of the energies, E, (7, pp. 
45-116) in terms of the constants a and Pq through the rela­
tion 
E = a + (1 - l/y)(Po -(^) ' (3.10) 
Some discussion should be devoted to the nature of the 
AO's participating in the Tl-Tl bonding. The outer electron 
configuration of the ground state"in the isolated thallium 
atom is 6s^6p^. It has been shown (25, p. 203) that the 
6s^6p^ -» 6s^6p2 promotion energy is 5.6 eV. This value is 
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quite large and tends to imply that the 6s^ state behaves as 
an unperturbed state in the solid unless it is in the pres-
^ ence of a strong oxidizing agent. Indeed, the normal valence 
of thallium in its inorganic compounds is +1. Only in the 
presence of strong oxidizing agents does thallium exhibit its 
+3 st^te.. Hence, for the purpose of the MO calculation, 
' 2 elaborated in the next sections, the 6s state has been con­
sidered to be an unperturbed state, i.e., only the 6p 
orbitals were used and each thallium atom was considered to 
contribute only one valence electron to the bonding scheme. 
B. Coordinate System and Character Representation 
of the Symmetry Orbitals 
The coordinate system of 6p bonds in the thallium tetra­
hedron is shown in Figure 5. Figures 5 and 6 illustrate the 
identification of the symmetry elements in the tetrahedron, 
which has been approximated as regular with Td symmetry (6, 
p.37). Note that the S4 operations (not shown in Figure 5) 
are in the same directions as the C2 operations. Since the 
S4 operations can take place in either of two modes, there 
are six of them instead of only three, as in the case of the 
C2 operations. 
Table 4 illustrates the character of each symmetry oper-

Figure 6. Mirror planes of the Tl tetrahedron 
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Table 4. Characters of symmetry operations for the Tl (6p) 
tetrahedral configuration 
Td E 8C3 302 6S4 
Ai 1 1 1 1 1 
E 2 • -1 2 0 0 
Tl 3 0 -1 1 -1 
2T2 6 0 -2 -2 2 
Fp . = 12 0 0 0 2 
=> Fp = = Ai + E + Tl + 2T2 
ation on the twelve atomic (6p) orbitals (6, pp. 117-182). 
The manner in which each atomic orbital transforms under each 
symmetry operation, in addition to the information in Table 4, 
allows the determination of the orthogonalized symmetry 
orbitals ( see Appendix ) . These orbitals are as follows. 
IB (A^) 0^01+0 2+03+04+05+0 6+0 7+0g+0 g+010+011+0 ]_2 » (3 • H) 
®CE(1)>01-03-05+06+07-09-010+011, j @(E) (3.12) 
@[E(2) ]a-0i+202-03+204-0S-06-07"''208-09"01O | 
(3.13) 
-011+2012 / 
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®[Tl(l)>01-202+03+204-05-06-07+09-010+011, (3.14) 
g5CTi(2)]Qf-30i+303+05-06+307-208-09-301O+011+2012, '®(Ti) (3.15) 
@[Ti(3) ](y-05+06-08+09-011+012, (3.16) 
/ ' 
.$rT2(la)]c^01x-06+07+011»1 (3.17) 
5gCT2(lb)]a02+04-08-012. 1 ® [T2(l) (3.18) 
iCT2(lc)>03-05-09+010, j (3.19) 
m[T2 (2a) ](y-0i-02+04+06+07+08-011-012,^ (3.20) 
®CT2(2b)]a-0i-03-05-06+07+09+010+011, >SBCT2(2)] (3.21) 
3BrT2(2c)]a-02-03+04+05-08-09+01O+012* j (3.22) 
It can be shown that the members within individual sets are 
mutually orthogonal. In addition all of the sets are mutually 
orthogonal except the @[T2(1)] and <E[T2(2)] sets. Hence, when 
the energies of the T2 molecular orbitals are calculated, the 
mixing of the 91 (T2) sets must be taken into account. Since 
there is only one @(E) set, one @(ai) set, and one ffi(Ti) set, 
the SS^(Ai),^ (E) and ^  (Ti) MO*s are given directly by their 
respective symmetry orbitals. 
C. Overlap and Normalization 
In order to simplify the bond energy calculations, the 
following assumption is made: 
The overlap integral of the AO's, s^j - ^  0j[0jdT, 
is zero unless the interaction (see Figure 3) is 
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of the type (01,07), which is predominately 
o in nature or of the type (04,07), which 
is predominately TT in nature. Then the 
only non-zero overlap integrals aré given by 
where s^j for these 
i = 1, = 7 "1 
i 2, = 4 
i 3, = 10 
i 5, = 9 
i 6, = 11 
i 8, = 12 
i 1, = 5,12 ' 
i 2, = 9,11 
i 3, •= 6,8 
i = 4, = 7,10 
i 5, = 1,12 
i 6, = 3,8 I 
i = 7, = 4,10 
i 8, = 3,6 
i = 9, = 2,11 
i 10, = 4,7 
i = 11, = 2,9 
i 12, = 1,5 J 
overlaps can now be 
defined as Sg and 
where s^j for these 
overlaps can now be 
defined as Sp. 
The overlap integral, su, for each atomic orbital i 
is taken to be normalized to unity. 
Perhaps some discussion of the assumption concerning the 
overlap integrals is in order. While the normalization re­
quirement assigned to 0^ places no restraints on the final 
results, the assumption concerning the overlap integrals has 
a small effect on the separation of the energy levels. 
Inspection of Figure 5 will show that all interactions 
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assumed to be zero must in fact be nearly zero, since the 
orbitals responsible for these interactions are nearly orthog-
e * 
onal. 
If the overlap integrals of the symmetry orbitals Sj[ are 
normalized to unity subject to the definition of the normali­
zation constant in Equation 3.2, the following constants are 
obtained: 
n2(Ai)]= 12(1 + Se + 2Sp), 
n2[E(1)] = 8(1 + Se - Sp), 
N2[E(2)] = 24(1 + Se - Sp), 
N^[Ti(l)] = 16( 1 - Se - Sp) 
n2[Ti ( 2 ) ]  = 48(1 - Se - Sp), 
N^CTiO)] = 6(1 - Se - Sp), 
N2[T2(la)] = N2[T2(lb)] = n2[T2(Ic)3=4(1 + Se), 
N2CT2(2a)] = N2CT2(2b)] = N^[T2(2c)] 
= 8(1 - Se + Sp). 
Numerical values of the Tl(6pff - 6p0f) and Tl(6pTr - ôpir) over 
lap were computed from Slater orbitals^ (33), in which the 
form of the wave function is given by 
^Silver, D., Department of Chemistry, Iowa State Univer­
sity of Science and Technology, Ames, Iowa. Calculation of 
overlap integrals. Private communication. 1965. 
(3.23) 
(3.24) 
(3.25) 
(3.26) 
(3.27) 
(3.28) 
(3.29) 
(3.30) 
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° '' (3.31) 
4 
The expectation value of r for a wave function of this form 
is given by 
<r>=S-|-i (3.32) 
for an electron in the n^^ shell. Hence, 
5 = . (3.33) 
With <r> taken to be half the distance of closest approach in 
the elemental structure of thallium, 5 = 2.02 for n = 6. The 
values of the overlap integrals (at an average Tl-Tl inter­
atomic distance of 3.224 A) are 
Tl(6pCT-6pCT) = 0.404, 
Tl(6pTr-6pTT) = 0.129. 
Although the values of the above overlap integrals will 
affect the numerical values of the energies associated with 
the MO's, it was determined that the overlap values corres­
ponding to changes in § (reflecting the uncertainty in 5) do 
not change the form of the energy level diagram, i.e., the 
bonding states remain bonding and the antibonding states 
remain antibonding. Consequently, i for T1 was chosen to be 
2.02, since this value reflects the influence of overlap on 
the energy level diagram. 
The overlap integrals Sg • and Sp were computed -from the 
relation 
S = Tl(6pa-6pCT)cos^0 + Tl(6pTT-6pn)sin^0, (3.34) 
where 0 = 19°28' for Sg and 76°56' for Sp. Hence, 
Se = 0.372, 
Sp = 0.143. 
D. Energies 
The energies of the MO's, calculated by including over­
lap, are given in Table 5a and the corresponding energy level 
diagram is shown in Figure 7a. The T2 energies correspond to 
the following ortho normalized molecular orbitals: 
^ [T2(1)] = 0.935$CT2(1)] + 0.214@[T2(2)], (3.35) 
^CT2(2)] = 0.445@[T2(1)] - 1.088@[T2(2)]. (3.36) 
The MO energies, calculated on the basis of zero overlap, i.e., 
ff 
the Huckel approximation (7, p. 54), are given in Table 5b and 
the corresponding energy level diagram is given in Figure 7b. . 
The T2 energies in this latter instance correspond to the 
following normalized molecular orbitals: 
^CT2(1)] = 0.952®[T2(1)] + 0.303@[T2(2)1, (3.37) 
^CT2(2)] = 0.303@[T2(1)] - 0.952®[T2(2)]. (3.38) 
Comparison of the energy level diagrams in Figures 7a and 
7b*illustrates that the essential feature of the energy level 
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Table 5a. Molecular orbital energies. including overlap 
Molecular orbitals Energies 
^Ai % ®Ai Of + .397(Po -Of) 
^ E a + .186(3q -Of) 
^Ti = ®Ti or - 1.062 (% - a) 
^T2(l) 0.9355^2(1)'^0*2145BT2(2) a + .302 Oo -
^T2(2) 0.4452^2(l)~l»088a5T2(2) - .410(Po - «) 
Table 5b. Molecular orbital energies. excluding overlap 
Molecular orbitals Energies 
= ®Al 
^ E " 
= ®Ti 
^T2 (1) = 0' 952SBt2 (1)"^^ * 303®T2 (2) 
^T2(2) = 0.303^2 (1) ' 952@T2 (2) 
0/ +  .66^0 
a + .233q 
a - .52Po 
(X + .44Po 
- .30PO 
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* 
^(T.) 
a 
^(E) 
wriLfin 
^(A,) 
Figure 7a. Molecular orbital energies (arbitrarily scaled), 
including overlap 
T states are triply degenerate, E states are 
doubly degenerate, and A states are singly 
degenerate 
-^cTgtôa 
•^(E) 
-^CTadO )-f io 
Figure 7b. Molecular orbital energies (arbitrarily scaled), 
excluding overlap 
T states are triply degenerate, E states are 
doubly degenerate, and A states are singly 
degenerate 
.diagram is the same regardless of the assumptions concerning 
overlap. Since the object of the MO calculation was to 
determine the number and type of bonding levels and since 
the same result was achieved by two different sets of assump­
tions, the conclusion is justified that there are three 
bonding levels capable of accommodating up to twelve valence 
electrons in bonding configurations. 
E. Discussion of Results 
A vector representation of some of the symmetry orbitals 
is given in Figure 8. The bonding states may be quickly 
identified for the cases where the vectors along an edge 
point towards each other. It has been noted that the bonding 
states (>F(Ax), ^  (E) and ^  [T2(l) ]) can accommodate up to 
twelve valence electrons (per Tl tetrahedron) in bonding con­
figurations. The magnitudes of the bonding energies suggest 
that these twelve valence electrons are localized in the Tl 
tetrahedron. However, their spatial localization also 
depends on the magnitude of the Na-Tl overlap integral, i.e., 
it also depends on whether or not the Na-Tl interactions are 
large enough to provide a means of delocalizing a portion of 
the charge back into the sodium sublattice. 
0 Ed)  0 E(2)  
T , (a )  <Z> Tgda) TglZo) 
o\ 
Figure 8. Symmetry orbital representations 
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With Slater's rules, 5 =0.73 for sodium; then, with 
Z - 2.02 for thallium, the value of the Na-Tl overlap inte-
gral (a^^^n average Na-Tl nearest-neighbor distance of 
^ » 
~3.6 £) is S = 0.265. This value i's reduced to ~0;194 when 
corrected for the angular orientation of the 6p lobes of Tl 
with respect to the 3s distribution in Na. Even S = 0.194 is ^ 
too large, since it holds only in the case where the triad of 
the mixed Na-Tl interactions coincides with a triad in the 
thallium tetrahedron. Due to the distortion in the icosa-
hedral atmosphere around the Tl atoms, these triads never 
coincide. Hence, the Na-Tl overlap is, on the average, small 
and one can conclude that the valence electrons should, on a 
time-average basis, be effectively localized in the.thallium 
tetrahedra. It may be noted that the magnitude of the Na-Tl 
overlap integral tends to justify ignoring the effect of Na-Tl 
interactions in constructing the Tl tetrahedral MO*s in 
section IIIA. 
The localization of charge in the Tl tetrahedra requires 
them to be anionic and the interaction between these anionic 
clusters and the surrounding cationic sodium sublattice must 
result in a substantial ionic contribution to the total lat­
tice stability. This ionic interaction probably results in 
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strong coupling of the Na and T1 thermal amplitudes in Na2Tl 
(see Table 6), giving rise to the abnormally large root mean 
square amplitudes for the Tl atomp. Such behavior is common 
in ionic crystals which are composed of ions of approximately 
the same size but differing greatly in mass (22, pp. 240-241). 
Table 6. Root mean square thermal amplitudes of atoms in 
Na2Tl. The refined isotropic temperature factors 
were used in this calculation 
Atom 
Til 0.172 + 0.003 
• ,  L 
Tl2 0.206 + 0.003 
Nai 0.21 + 0.09 
Na2 0.24 ± 0.09 
Nas 0.23 ± 0.07 
Na4 0.22 +0.07 
Na5 0.26 + 0.09 
F. Determination of Magnetic Susceptibilities 
1. Background 
As has already been noted, twelve valence electrons 
should, on a time-average basis, be largely localized in the 
bonding MO's of a Tl tetrahedron. If the charge transfer 
from the sodium sublattice is in fact complete, then the 
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magnetic susceptibility of Na2Tl, when corrected for the 
' diamagnetic contribution from the ion cores, is negative 
(i>.e., diamagnetic), since an even number of electrons occupy 
the bound states. If a substantial number of the valence 
electrons are allowed to delocalize into the sodium sublat­
tice via the formation of delocalized Na-Tl MO*s (i.e., the 
presence of nearly-free electrons in some sort of band), then 
the magnetic susceptibility of Na2Tl should be positive (i.e., 
paramagnetic) when corrected for the diamagnetic contribution 
from the ion cores. In both cases, the susceptibility would 
be expected to be temperature independent. Hence, the meas­
urement of the magnetic susceptibility of Na2Tl was under­
taken in order to qualitatively evaluate the degree of charge 
delocalization in Na2Tl. 
Since Na^Tl is a peritectic compound, it is difficult to 
produce an alloy consisting of pure Na2Tl. Consequently, a 
method of determining the magnetic susceptibility of Na^Tl in 
the presence of a second phase was sought. Fortunately, 
Wiedemann's Law (1, p. 14) provides a relationship between 
the total susceptibility of the alloy and the masses and sus­
ceptibilities of the component phases in a two-phase alloy. 
This relation is given by 
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(niA +'mB)^alloy = + 0%%%, (3.39) 
where m denotes mass, X denotes magnetic susceptibility per 
unit mass, and A and B are the two phases present in the 
alloy. Hence, according to Wiedemann's Law, and Xg can be 
obtained by a linear extrapolation of the susceptibilities 
measured from alloys of various compositions in the two-phase 
region of interest. 
2. Sample preparation 
Seven alloys containing Na2Tl, ranging from 14.5 to 32.0 
at. % Tl, were prepared from the same constituents used in the 
preparation of the crystals employed in the determination of 
the structure of Na^Tl. These samples were sealed in tantalum 
crucibles, homogenized at 400°C for four hours and then were 
quenched in ice-water. They were subsequently annealed at 
150°C for three days and were then annealed at 77°C for three 
months. The samples were cooled to room temperature and were 
crushed inside their tantalum crucibles. The crucibles were 
opened and their contents sealed inside small Teflon cylin­
ders. All handling operations were conducted in an inert 
atmosphere of argon. The masses of the samples ranges from 
0.4 to 2.2 grams. 
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3. Apparatus and results 
The Faraday method (1, p. 140) wa's used in measuring the 
magnetic susceptibilities. The apparatus which was employed 
for determining the susceptibilities as a function of tempera­
ture has been previously described (12). The temperature 
dependence of the susceptibilities was measured for the 
alloys containing 14.5 and 32.0 at.% Tl, since these compo­
sitions should, to a first approximation, give the temperature 
dependence of the susceptibilities of NagTl and Na2Tl, 
respectively. 
Room temperature susceptibilities of the five alloys of 
intermediate composition were measured with an Ainsworth Semi-
Micro balance which was used to measure forces due to the 
field of a Varian magnet. This magnet is capable of producing 
fields sufficient to saturate any ferromagnetic impurities 
present in the samples. The Faraday pole pieces with which 
the magnet is equipped produced a uniform force constant 
region sufficiently large to accommodate the samples. The 
infinite field extrapolation originated by Honda and Owen (17, 
29) was used to correct for ferromagnetic impurities which, 
in all cases, were found to be present in less than 65 ppm Fe 
equivalent. Corrections for the diamagnetic contribution of . 
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the Teflon container and the paramagnetic air contribution 
(when applicable) were made to the measured susceptibilities. 
» 4 
The room temperature susceptibilities as a function of 
alloy composition are given in Figure 9. The extrapolated 
values of the susceptibilities of NagTl and Na2Tl are 0.18 x 
10"^ emu/g and -0.24 x 10"^ emu/g, respectively. The tempera-
ture dependence of the susceptibility of the sample closest 
in composition to NagTl was found to vary monotonically from 
0.11 X 10"G emu/g at room temperature to 0.49 x 10"^ emu/g at 
50°K. The susceptibility of the sample closest in composition 
/I 
to Na2Tl was found to be -0.23 x 10" emu/g and is temperature 
independent from room temperature to 50°K. 
4. Discussion èf results 
The room temperature susceptibility of NagTl, when cor­
rected for the diamagnetic contribution of the ion cores (31, 
p. 78), is 17.6 X 10"^ emu/g-atom, while that of Na^Tl is 
-4.2 X lO'G emu/g-atom. Obviously, the susceptibility of 
Na^Tl characterizes a material which is not adequately des­
cribed by a nearly-free electron model. Indeed, thé effective 
mass of the conduction electrons, computed by assuming a 
nearly-free electron gas (36, p. 155), is given by m*=0.426m. 
This value implies a significant departure from a nearly-free 
I 
^EXPERIMENTAL 
DIAMA6NETIC CORE CONTRIBUTION 
-.4 
Ojl 60 65 70 
wt.% Tl 
75 
Figure 9. Magnetic susceptibilities of Na-Tl alloys as a function of 
composition 
54 
electron model. Hence, the conclusion of an effective time-
average localization of the valence electrons in the thallium 
tetrahedra is qualitatively justified. 
G. Relation of Bonding in Na2Tl to That in Other Compounds 
Before inquiring into the nature of compounds in which 
bonding similar to that in the Tl tetrahedra should be found, 
it may be instructive to review the assumptions used in gener­
ating the MO*s of a Tl tetrahedron. These assumptions are: 
1) The dominant interactions within a tetrahedron 
arise from the mixing of atomic p-states of 
the four atoms constituting the tetrahedron. 
2) The contribution to the bonding within a tetra­
hedron from other interactions is small. Hence, 
these interactions can be ignored in a first 
approximation of the bond energies. 
Within these restrictions, it was shown that a Tl tetrahedron 
should localize 12 valence electrons, giving rise to a 
valence electron to thallium atom ratio of 3:1. This ratio 
implies that all of the Na valence electrons in Na2Tl are 
localized in the Tl tetrahedra. 
An examination of the literature concerning binary 
intermetallic phases of alkali metals with other elements 
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revealed that identifiable tetrahedra occur in the structures 
of NaPb, KGe, KSi, RbGe, RbSi, CsGe and CsSi (5, 23). In 
addition, gaseous P4 and AS4 are tetrahedral and the crystal­
line forms of black phosphorus and metallic arsenic are com­
posed of four-atom tetrahedra which are linked together to 
form double-layered lattices. In NaPb, the Pb tetrahedra are 
only partially separated from each other. Each tetrahedron 
is bonded to one other tetrahedron along a single Pb-Pb inter­
atomic distance which is 15% greater than an intratetrahedral 
distance. Hence, the intertetrahedral bond is much weaker 
than the intratetrahedral bonds. KGe, KSi, RbGe, RbSi, CsGe 
and CsSi are isostructural. The tetrahedra in these com­
pounds are isolated from each other by an intervening alkali 
metal sublattice. 
The occurrence of tetrahedra in the above materials is 
compatible with the assumptions used in generating the MO's 
of a T1 tetrahedron. Indeed, if one assumes a valence elec­
tron to atom ratio of 3:1 in a tetrahedron, the stoichiometry 
of the compound is given by where 
nx + 4(m-2) = 12. (3.40) 
The group number of element A is n, B is the element of which 
the tetrahedra are formed, and m is the group number of 
56 
element B. For Pb, Ge and Si, m = 4 and n = 1 for the alkali 
metals.. Hence, the stoichiometry is given by A4B4 = 4(AB) 
for compounds of this type. For Tl, m = 3 and if n = 1 then 
the stoichiometry Is AgB^ = 4(A2B). The 3:1 electron per atom 
ratio in these tetrahedra imply the complete transfer of the 
alkali metal valence electrons to the tetrahedra. Indeed, 
even in the case of black phosphorus and metallic arsenic, 
the ratio is maintained, since each atom forming a tetrahedron 
contributes three valence electrons from its p-^valence states. 
In addition to the electron per atom ratio apparently 
needed to stabilize a tetrahedron, the factors of size, elec­
tronegativities and the energy separation of the atomic s and 
p valence levels of the tetrahedron-forming species probably 
exert some influence on the stability of the tetrahedra. 
Although the size factor does not dominate the stability, it 
probably does exert some influence. The size factor has no 
effect on the stability of tetrahedra in the structures of 
elemental P and As. However, in binary phases it is appar­
ently necessary to have a size ratio such that the atomic 
packing results in the tetrahedra being at least partially 
separated from each other. Similarly, the factor of electro-
negativity has no importance in stabilizing the tetrahedra 
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formed in elemental P and As. In binary phases, however, a 
substantial electronegativity difference is apparently re­
quired in order to facilitate electron transfer from the more 
electropositive ligands to the tetrahedra. 
Mixing substantial s character into the tetrahedral MO*s 
formed from atomic p-orbitals would change the nature of the 
bonding in the tetrahedra. In addition, such mixing would 
change the nature of the ionic and covalent interactions 
between the tetrahedra and the neighboring cationic sublat--
tice. The techniques presently available to interpret such 
bonding cannot adequately account for all the interactions. 
In order to obtain substantial mixing of s character into the 
tetrahedral MO's formed from atomic p-orbitals, the energy 
v 
separation of the atomic s and p valence levels of the species 
in the tetrahedra would have to be small. Although little 
information is available, tetrahedra composed of atoms having 
small separations in their s and p valence levels have not 
been observed. Thus it may be that the effect of mixing sub­
stantial s character into the MO's is to allow other config­
urations to become more stable than a tetrahedral cluster. 
In order to obtain some indication of the importance of 
the effect of a smaller separation of the s and p valence 
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levels, it was decided to determine the structure of the com­
pound previously reported as. "Li2Al" (13, 32). With the 
conventional criterion of size consideration, the structure 
of "Li2Al" would be expected to be closely related to the 
structure of Na2Tl, since the size ratio of Li/Al is 1.061 
while that of Na/Tl is 1.089. In addition, the electronega­
tivity difference of Li-Al is 0.5 while that of Na-Tl is 0.9 
(30, p. 93). The Li-Al electronegativity difference, while 
not large, might be expected to be sufficient to facilitate 
charge transfer from the Li atoms to any A1 tetrahedra present 
in the structure of "Li2Al". The biggest difference between 
the constituents of the two compounds is the separation of the 
s and p valence levels in Al. This separation is 3.6 eV (24, 
p. 124) while that of T1 is 5.6 eV. Hence, it would be 
expected that the mixing of s character into the tetrahedral 
MO's of an Al tetrahedron would be more extensive than the 
mixing in a T1 tetrahedron. 
The structure determination of the phase reported to be 
"Li2Al" demonstrated that the stoichipmetry is LigAl^ and 
that the Al atoms in this phase do not form four-atom tetra­
hedra. In fact, the Al atoms form wrinkled chains which are 
separated from each other by the Li sublattice. It should 
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be noted that the absence of A1 tetrahedra in the structure 
of L .9AI4 is consistent with the lack of observation of 
tetrahedra composed of atoms having a small separation in 
their s and p valence levels. 
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IV. • Li9Al4 STRUCTURE DETERMINATION 
A. Sample Preparation 
The alloy, from which the crystals of LigAl^ were 
selected, was prepared from powdered aluminum and bulk 
lithium. The powdered aluminum was U.S.P. grade and was 
obtained from the Matheson Coleman and Bell Co. The bulk 
lithium was obtained from the Lithium Corporation of America. 
An analysis supplied by this corporation listed the nominal 
purity as greater than 99.8% Li with Na being the major impur­
ity with a concentration less than 0.05%. The bulk lithium 
was cut into small pieces and cleaned in a mixture of Dry Ice 
and absolute ethanol prior to use. 
Stainless steel was used as a crucible for a sample com­
posed of 40 wt.% Li (72 at.% Li-see Figure 10). This sample 
was homogenized at 500°C for four days and then annealed at 
200°C for two days. After cooling to room temperature, the 
sample was removed from the crucible and was fragmented by a 
single blow in a diamond mortar. Suitable fragments were 
isolated in the same manner as was used for the samples of 
Na2Tl. Again, all handling operations were conducted in an 
inert atmosphere of either argon or helium. This sample was 
quite malleable, in contrast to the samples containing Na2Tl. 
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Although the sample tended to deform rather than shatter 
under the blow on the diamond mortar, a number of fragments 
exhibiting bright metallic surfaces separated from the de­
formed billet. These fragments decomposed rapidly when 
exposed to air. X-ray examination of several of the frag­
ments demonstrated that they were free of residual strain. 
B. Determination of Symmetry 
The three different crystals, which were examined by the 
Weissenberg technique, were found to have the same symmetry. 
All the levels which were examined (hkO, hkl, and hk2) were 
characterized by twofold symmetry. Buerger (4, pp. 474-475) 
states that this symmetry can be obtained from orientations 
in crystals with 2/m and 3m point symmetry. In 3m, special 
relations exist among the lattice constants which were not 
observed in the lattice constants as determined by the Weis­
senberg and rotation techniques. Hence, the point group 
symmetry is indicated to be 2/m and the crystal class is 
monoclinic. 
The number of formulas of LigAl^ per unit cell is given 
by 
_ volume of unit cell 
volume of one formula * 
The volume of one formula of LigAl^ can be estimated as 
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261 A from the atomic volumes in the elemental structures. 
o o 
The preliminary lattice constants a = 19.0 A, b = 5.37 A, 
c = 4.50 A and Y - 106° yield a unit cell volume of 441 A^. 
Hence, the number of formulas of LigAl^ per unit cell is 
given by M = 441/261 = 1.69 ~ 2. 
C. Determination of Intensity Data 
The three-dimensional intensity data were obtained from 
a General Electric Spectrogoniometer equipped with a Single 
Crystal Orienter and a scintillation counter. Cu Ka radia­
tion was used with the diffracted beam being passed through a 
Ni filter. The crystal from which the intensity data were 
taken was shaped like a lath, being 0.24 x 0.081 x 0.14 ram in 
size. The regularity of this crystal minimized the effects 
of geometric absorption to such an extent that symmetry-
related reflections had almost identical integrated intensi­
ties. Hence, reflections related by symmetry constraints 
were measured in only one octant of reciprocal space. 
The scan intensities were measured by the 20 scan tech­
nique, using 100 second scans at a scan rate of 2° (20) per 
minute. It was noted that the background was essentially a 
linear function of the scan intensity. This function was 
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determined to be 
Cg = (0.0301)0% +12, (4.2) 
where C-j is the scan intensity (total counts) . Since the 
mass absorption coefficient of LigAl^ is small (n = 40 cm'^) 
and the crystal was small, no absorption corrections were 
made. The integrated intensities were taken to be I = C-j -
Cg and were corrected for the Lorentz and polarization 
effects. 
Of the 547 independent intensities which were measured, 
52 of them were unobserved. The angular distribution of the 
intensity data was 0° < 20 < 160°. 
D. Determination of Structure 
The intensity data were used to calculate a three-
dimensional Patterson map. This map demonstrated that there 
were no variable z parameters in the structure. The P(x.,y,0) 
r 
Harker section exhibited a pseudo-center of inversion which 
was determined to be an arbitrary origin of the true unit 
cell in space group B2/m. The x and y coordinates of the 
aluminum atoms were quickly identified and were partially 
refined by the method of least-squares. These parameters 
were then used to determine the signs of the observed struc­
ture factors and a three-dimensional electron density map was 
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computed. This map unequivocally identified the coordinates 
of five sets of lithium atoms. 
The aluminum atoms occupy two sets of fourfold multipli­
city while the lithium atoms occupy one set of twofold multi­
plicity and"four sets tf fourfold multiplicity. Hence, there 
are eight A1 end eighteen Li atoms per unit cell. This yields 
the stoichiometry LigAl^ instead of the reported 'Li2Al*. 
E. Refinement of Structure 
The finite difference formula was again used to provide 
a weighting scheme in the crystallographic least-squares 
refinement of the LigAl^ structure. Kg and were taken to 
be 0.05 and the unobserved reflections were assigned a 6F of 
100. 
A least-squares refinement of the Al and Li coordinates 
and isotropic temperature factors resulted in a residual R = 
0.131. The corresponding difference density map indicated 
anisotropic thermal behavior in the aluminum positions. 
Refinement with isotropic Li temperature factors, anisotropic 
Al temperature factors and all variable positional parameters 
yielded a final residual of 0.099 for all reflections and the 
same value of R for the observed reflections only. A differ­
ence density map based on the final refined parameters con­
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tained no significant, extrema. 
Since the aluminum powder used in the preparation of the 
LigAl^ crystals was covered with what was presumed to be an 
oxide coating, the possibility of oxygen contamination in the 
crystals had to be considered. However, the scattering power 
of oxygen is markedly different from those of Li and Al. 
Hence, the presence of a substantial ordered array of oxygen 
in the lattice would have been noted in the final difference 
density map. Since such evidence was not noted, one can con­
clude that the degree of oxygen contamination in the LigAl^ 
crystals was small. 
A comparison of observed and calculated structure fac­
tors is shown in Table 7. The unobserved structure factors 
are identified by asterisks in Table 7. The parameters 
yielded by the final least-squares refinement are shown 
in Table 8. 
F. Precision Lattice Constants 
The same technique was employed in determining the pre­
cision lattice parameters for LigAl^ as for Na2Tl. Twenty-
two data points were obtained with Cu Ka radiation. Again, 
o 
the wavelength of the Cu Kai line was taken to be 1.54051 A. 
The angular range of the lattice constant data was 140° < 
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Table 7. LigAl^ structure factors 
H K L FOBS FCALC FOBS FCAIC FOBS FCAIC 
0 1 0 17.2 21.1 3 0 
0 2 0 9.4 -12.1 
0 3 0 10.7 14.3 
0 4 ^ 0 2.0 -2.1 
0 5 0 19.5 -28.7 
0 6 0 5.8 -9.7 
0 2 99.6 94.4 
0 1 2 17.1 15.9 
0 10.4 -9.9 
0 3 13.3 12.4 
0 4 1.3 -2.1 
0 5 28.0 -25.3 
6 9.7 -8.7 
55.9 54.8 
1 10.6 10.7 
2 6.0 -6.4 
3 7.5 8.4 
4 1.0 -1.7 
7.7 5.8 
18.7 15 8 
1 30.8 28.4 
104.9 93.1 
2 4.8 -4.1 
18.6 15.8 ) 47*4 -42.1 
4 16.0 -13.8 
13.4 -11.8 
5 1.3 0.8 
5.2 4.5 
0.8 -1.1 
6 10.4 -9.0 
1.1 —3.6 
1 19.8 19.4 
12.1 11.0 
73.9 63.5 
2 1.2 -3.4 
3 33.5 -32.2 
14.5 12.2 
9.9 -9.0 
4 11.3 -10.7 
5 0.9 0.4 
3.9 3.6 
2.4 -2.0 
5.7 7.0 
1 9.8 11.6 
32.5 33.9 
0.9 -2.4 
3 5 17.1 -19.9 
5 7.0 7.7 
0 7.6 -8.0 
0 39.4 41.5 
1 0 48.8 -57.9 
0 3.1 3.0 
0 12.8 -16.6 
3 0 2.7 -2.3 
0 8.0 9.0 
0 60.8 60.2 
4 0 14.2 -21.1 
5 0 3.5 -5.6 
0 11.5 11.5 
6 0 8.1 12.7 
0 8.5 -9.2 
2 7.0 -5.8 
2 36.2 30.9 
1 2 47.1 -45.0 
2 14.9 -13.9 
2 3.8 2.5 
3 2 2.6 -2.1 
2 9.0 7.9 
4 2 20.9 -18.9 
2 60.6 50.8 
5 2 5.0 -5.0 
2 12.1 10.2 
2 9.2 -8.1 
6 2 12.9 11.4 
4 3.8 -4.1 
4 21.4 20.0 
1 4 29.4 -29.9 
4 1.3 1.7 
4 8.9 -9.5 
3 4 1.2 -1.8 
5.1 5.7 
4 34.8 31.9 
4 4 13.4 -13.7 
1 15.8 -13.3 6 -2 
1 55.0 -47.0 
1 1 9.7 -8.5 
2 1 40.9 -38.0 
1 8.9 -7.5 
1 37.4 32.1 
3 1 8.7 -7.9 6 S 
4 1 21.8 19.6 6 -5 
1 7.8 6.9 
l 3.3 3.9 
5 1 5.6 5.4 6 1 
1 33.5 28.8 6 -1 
6 1 0.8 1.1 
3 9.0 -9.1 6 2 
38.8 -33.0 6 -3 
1 3 6.4 -6.3 6 3 
3 29.9 -28.9 6 -4 
3 6.6 -5.6 7 0 
3 27.6 24.3 7 -1 
3 3 6.0 -6.3 
4 15.4 15.4 7 2 
3 6.1 5.3 7 -2 
-5 3 2.7 3.T 
5 3 4.6 4.2 7 3 
5 
5 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 • 
0 
0 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 • 
2 
2 
4.5 
19.1 
3.6 
15.4 
3.1 
13.5 
57.1 
16.2 
8.0 
20.9 
5.0 
26.4 
3.5 
1.0 
6.3 
22.2 
22.0 
5.4 
6.5 
51.2 
6.7 
14.7 
23.7 
6.4 
29.6 
3.5 
2.4 
6 . 1  
24.2 
33.0 
7.0 
30.3 
4.9 
9.1 
3.0 
14.3 
19.6 
1 . 1  
2 . 1  
3.7 
27.5 
4.1 
10.4 
64.8 
6.2 
17.9 
64.6 
15.6 
1.2  
15.3 
7.3 
4.1 
17.8 
2.9 
7.1 
47.3 
4.7 
44.3 
13.1 
1.3 
11.3 
5.6 
12.7 
9.6 
1.0 
3.7 
23.5 
4.9 
6.6 
9.7 
70.1 
11.5 
15.0 
15.9 
5.5 
5.3 
39.9 
6.6 
1 . 1  
11.7 
1.4 
9.7 
73.9 
10.8 
16.6 
17.5 
5.9 
7.6 
44.8 
8.7 
0.9 
12.9 
2.1 
6.0 
43.4 
6.0 
10.1 
10.3 
2.8 
4.6 
27.8 
2 1 . 1  
96.5 
6.3 
20.5 
13.8 
16.6 
1.3 
-5.7 
-20.6 
-4.2 
- 1 8 . 1  
-3.4 
14.8 
-62.9 
. -16.0 
-9.9 
26.3 
5.5 
-28.8 
3.8 
2.9 
-6.4 
33.1 
23.9 
8.0 
7.1 
-47.8 
-8.3 
-12.5 
22.5 
-4.7 
-25.5 
3.3 
2.8 
-5.6 
21.0 
28.5 
6.3 
-31.4 
-6.0 
8 5 
-3.4 
15.3 
-18.4 
2.2 
2.4 
-3.7 
25.5 
-2.6 
-8.3 
-55.6 
6.0 
-15.2 
59.1 
13.0 
0.4 
-14.0 
-6.4 
-4.0 
17.9 
-1.9 
-6.5 
-40.7 
5.1 
42.3 
-11.7 
0 . 1  
10.1 
-4.9 
-11.7 
10.9 
- 1 . 1  
-4.4 
-24.4 
3.7 
-7.5 
10.8 
90.9 
-11.8 
18.6 
. 1  
. 8  
-5.6 
-43.5 
8.2 
-0.3 
-12.8 
2.6 
9.0 
73.8 
17. 
-7. 
-9 
14 
16 
5 
—6 
-37 
7 
-0 
-11 
2 
6.6 
44.5 
-6.2 
9.6 
1 0 . 8 .  
-4.1 
-4.4 
-25.8 
19.4 
91.5 
-5.4 
18.3 
U.8 
-14.8 
-1 .0  
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
10 
26.6 
7.8 
2.5 
11.3 
29.5 
14.9 
66.0 
4.6 
10.1 
14.3 
1.3 
12.1 
20.1 
5.1 
2.0 
7.6 
30.1 
2.7 
5.3 
7.7 
5.9 
27.8 
O.B 
2.6 
24.3 
14.3 
67.2 
9.3 
1.3 
9.9 
8.4 
11.5 
1.1 
28.8 
2.9 
2.9 
15.0 
30.3 
70.3 
11.5 
0.9 
11.0 
12.4 
13.4 
0.7 
17.2 
1.2 
1.3 
20.2 
8.7 
40.5 
7.7 
7.1 
35.1 
4.2 
12.5 
36.8 
4.2 
25.6 
6.2 
7.1 
8.8 
44.1 
11.5 
8.1 
26.3 
2.7 
8.9 
27.5 
2.4 
19.8 
5.0 
5.2 
6.8 
33.6 
15.2 
2.1 
5.0 
13.9 
7.3 
29.7 
6.4 
23.4 
6.9 
4.3 
10.1 
28.3 
0.9 
0.7 
6.8 
2.8 
7.4 
33.6 
6.2 
24.3 
7.4 
3.4 
11.9 
28.9 
2.1 
6.6 
3.1 
4.0 
22.4 
3.8 
16.0 
5.3 
2.1 
-22 .1  
6.6 
-3.3 
-8.4 
25 8 
14.1 
62.5 
-3.7 
9.3 
13.9 
-0.9 
-11.2 
-17.5 
5.2 
-2.9 
8.5 
33.4 
—2.0 
6.1 
8.6 
-6.7 
31.7 
0.2 
2 5 
-31.0 
15.5 
72.7 
-11.6 
-0.5 
10.8 
-10.8 
-13.9 
0.9 
26.4 
-2.2 
0.3 
13.1 
-27.4 
60.9 
-10.2 
-0.6 
9.6 
-9.8 
-12.2 
0.8 
17.5 
-1.4 
0.5 
-19.4 
8.8 
37.6 
-7.1 
6.9 
-31.8 
-4.0 
-10.9 
34.4 
-3.3 
-21.8 
5.4 
-9.6 
8.3 
41.0 
8.5 
7.5 
-24.9 
2 8 
-8.3 
25.8 
-2.9 
-17.2 
4.3 
-4.6 
6.4 
30.3 
-16.2 
-1.5 
-5.2 
15.6 
-7.7 
-37.? 
—6. 7 
-25.6 
-8.1 
-4.6 
12.7 
30.7 
2.6 
0.5 
7.5 
3.5 
-6.8 
-32.4 
5.8 
-22.9 
-7.3 
3.8 
11.2 
26.8 
2.3 
6.7 
3.1 
-5.1 
-22.2 
-4.1 
-16.9 
-5.4 
-2.3 
10 
10 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
n 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
13 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
14 
15 
15 
15 
15 
15 
15 
15 
0 * 
0 
0 
0 
0 #. 
0 
0 
0 0 
0 • 
0 
2 • 
2 
2 
2 2 2 
2 
2 2 2 
8.4 
18.4 
9.9 
15.0 
44.1 
1.3 
10.9 
1.3 
1.9 
15.1 
29.6 
2.0 
20.2 
7.7 
34.9 
1 1 . 2  
1.2 
8.0 
1.0 
1.3 
12.4 
1.8 
4.3 
19.1 
4.5 
6.2 
2.5 
11.2 
37.2 
8.2 
41.5 
10.3 
2.6 
10. l 
1.3 
5.4 
6.8 
2.4 
11.0 
36.2 
7.7 
41.3 
10.2 
3.0 
10.2 
2.2 
6.3 
3.8 
1.6 
6.9 
24.0 
5.3 
26.1 
6.4 
53.2 
5.0 
14.9 
1.7 
11.8 
7.1 
8.3 
0.8 
5.6 
32.3 
8.2 
40.2 
3.8 
11.5 
2.0 
8.8 
4.4 
6.9 
4.4 
25.0 
1.2 
16.8 
14.5 
51.6 
1.3 
5.7 
13.1 
5.7 
12.9 
1.2 
2.2 
1.3 
15.4 
13.4 
47.8 
1.0 
5.4 
11.9 
13.0 
1.4 
2.8 
1.0 
1.0 
10.7 
30.0 
4.2 
8.4 
1.3 
15.7 
24.0 
2.4 
5.6 
1.0 
10.0 
8.1 
18.4 
-8.9 
14.0 
-45.2 
-0.5 
-10.7 
1.3 
—0.7 
-15.0 
26.2 
-3.4 
20.3 
-7.3 
-34.1 
10.9 
—0.5 
-8.5 
1.4 
-0.7 
-12.7 
-2.4 
-4.9 
-20.7 
-5.6 
—6.7 
2.9 
12.2 
45.7 
-8.2 
-44.0 
12.0 
-3.5 
-11.3 
2.9 
-7.3 
5 8 
2.9 
10.6 
38.7 
-7.5 
38.3 
10.5 
-3.0 
-10.0 
2.5 
-6.8 
-4.0 
2.6 
7.3 
24.6 
-5.6 
-25.9 
-7.2 
56.2 
4.9 
14.9 
-3.3 
-12.1 
6.4 
8.0 
0.1 
-5.9 
-30.9 
-8.6 
40.3 
4.2 
1 1 . 2  
-2.3 
-9.3 
5.0 
7.0 
-4.9 
-24.0 
-1.2 
17.5 
15.1 
56.3 
-0.3 
6.1 
-13.3 
-5.7 
-14.3 
1.5 
-3.5 
15^3 
13.0 
47.7 
-0.2 
5.6 
-l?.l 
-12.5 
1.3 
-3.3 
-0.2 
8.6 
10.5 
30.0 
4.2 
-8.7 
-1.0 
-15.8 
23.9 
2.4 
-6.4 
-1 .0  
10.5 
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Table 7. (Continued) J' 
FOBS FCALC FOBS FCALC FOBS FCALC FOBS FCALC 
r 
1 39.7 39.1 16 *"0 4 3 0 -3.f 
1 9.1 9.9 10 4 -10.9 
1 10.9 -11.9 0 8 -0.4 
3 1.2 —0.5 15 3 19.8 
3 18.4 18.3 17 0 1 25 4 -25.0 
1 3 13.4 -13.0 5 0 -5.0 
3 1.2 2.2 17 1 1 6 7 -6.4 
2 3 4.8 -9.1 1 0 -1.3 
3 7.8 7.9 17 2 I 6 2 5.8 
3 30.2 29.0 17 3 1 0 7 0.1 
3 4.6 4.9 10 8 -10.9 
0 4.2 —9.0 1 2 -1.5 
0 19.0 -19.2 20 7 20.8 
1 0 1.6 -2.8 5 4 9.9 
2 0 19.8 -17.4 17 0 3 20 9 -19.4 
0 1.3 -1.7 3 7 -4.2 
0 23.4 26.3 17 1 3 9 7 -9.3 
3 0 4.4 -4.8 1 1 -1.2 
0 4.5 9.2 9 2 -9.9 
0 4.8 9.6 0 9 -0.8 
0 20.2 23.1 18 0 0 9 9 6.0 
2 4.2 -4.9 18 I 0 2 3 -2.9 
1 2 2.0 -2.6 18 -I 0 7 0 -7.4 
2 14.3 -14.0 18 2 0 27 3 -29.9 
2 15.8 -19.9 18 2 0 1 0 0.3 
2 1.3 -1.2 18 -3 0 9 8 -6.6 
2 22.4 23.0 18 -4 0 2 0 2.1 
3 2 9.1 —4.4 18 9 0 4 9 "6*3 
2 4.3 4.7 18 -6 0 1 3 -1.0 
2 9.0 4.9 
5.6 
2.?6 
6.7 
2646 ' 
0.7 -
5.3 
2.0 
5.5 
1.2  
25.6 
6f6 
4.2 
B.7 
6 .1  
25.1 
9.8 
1.5 
5.8 
3.2 
5.3 
9.4 
29.7 
0.8 
1.5 
7.6 
8 .8  
0.8 
3.7 
9.3 
-i 
2» 
20 ' 
20 
2 
3 
26.3 
0.7 
1.3 
8.6 
.  1.6 
13.2 
0.8 
1.6 
* 26l3 
2.3 
9.2 
7.9 
0 .8  
3.0 
15.6 
2.3 
4.9 
1.1  
14.7 
3.1 
2.2 
6.6 
0 .8  
14.5 
3.5 
2.0 
25.1 
—0.6 
1.9 
8 .8  
1.3 
1 1 . 6  
0.7 
0.2 
8.2 
29.0 
2.4 
-9.7 
-6.6 
0.1  
\ -2.9 
19.2 
2.4 
9.9 
0.3 
13.9 
2.3 
-1.0 
9.7 
0.1 
-13.7 
-2.7 
1.0 
Table 8 . Positional and thermal parameters in LigAl^* 
Atom Set X y z Thermal parameters A 
All 4(i) 0.1505 + 0.0001 0.0870 + 0.0004 0 Pll = 0.00171 + 0.00007 
P22 = 0.0149 + 0.0009 
P33 = 0.011 + 0.001 
Pl2 = 0.0026 + 0.0002 
AI2 4(i) 0.3853 + 0.0001 0.7064 + 0.0004 0 Pll = 0.00187 + 0.00008 
P22 = 0.0155 + 0.009 
P33 = 0.013 + 0.001 
P12 = 0.0028 t 0.0002 
Lil 2(a) 0 0 0 B = 3.0 + 0.8 
Li2 4(i) 0.0863 + 0.0008 0.531 + 0.003 0 B = 2.6 + 0.5 
Lis 4(1) 0.2326 + 0.0007 0.622 + 0.003 0 B = 2.6+ 0.5 
Li4 4(i) 0.3080 + 0.0007 0.144 + 0.002 0 B = 2.2+ 0.5 
Lis 4(i) 0.4564 + 0.0008 0.239 + 0.003 0 B = 2.8 + 0.5 
^Symmetry requires «= 323 ^ 0. 
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20 < 160°. The refined lattice constants are; 
ao = 19.1551 + 0.0005 A, 
bo = 5.4288 + 0.0001, 
Co = 4.4988 + 0.0001, 
Xq = 107.671° + 0.002°. 
t 
G. Discussion of the Structure 
Inspection of the interatomic distances in LigAl^ (see 
Table 9) and a representation of the structure (as illus­
trated in Figure 11) reveals that the aluminum atoms do not 
form four-atom tetrahedra in this structure; these atoms form 
wrinkled chains which are parallel to the c-axis of the unit 
cell. The chains of A1 atoms are separated from each other 
by the Li sublattice such that there are no nearest-neighbor 
Al-Al interactions between the chains. It should be noted 
that the nearest-neighbor distance between aluminum atoms in 
o 
LigAl^ is 2.693 A. The bond angle in the wrinkled chain is 
113° 16'. The contraction and associated well-defined bond 
angle is probably indicative of directional bonding. How­
ever, an analytical description of the bonding via a MO 
approach would be quite difficult since the A1 sublattice 
is extended in space. 
Table 9. Interatomic distances in LigAl^^ 
Neighbor Distance Neighbor Distance Neighbor Distance Neighbor Distance 
Ail 0 Lii Lis Lis 
Al2 2.693A(2) All 2.776(2) All 2.851 All 3.191(2) 
Lii 2.776 AI2 3.210(4) All 3.357 AI2 3.224 
Li2 3.021 Li2 2.856(2) All 3.230(2) AI2 2.798 
Li2 2.892 Li2 3.430(2) AI2 2.820 AI2 2.957 
Li3 2.851 Lis 2.846(4) AI2 3.299(2) Lii 2.85(2) 
Li3 3.357 Li2 2.69 Li2 2.81(2) 
Lis 3.230(2) Lis 2.79(2) Li2 3.37(2) 
Li4 2.938 Li4 3.30 Li4 2.73 
Li4 2.806(2) Li4 2.77 Lis 2.82 
Li4 
Al2 
3.191(2) 
Li2 
Li4 
Li4 
2.81(2) Lis ; 3.49 
Ail 2.693(2) Ail 3.021 All 2.938 
Lii 3.210(2) Ail 2.892 All 2.806(2) 
Li2 2.729(2) AI2 2.729(2) AI2 2.960 
Lis 2.820 Lii 2.86 AI2 3.158 
Lis 3.299(2) Lii 3.43 Li 2 3.18(2) 
Li4 2.960 Li2 3.22 Lis 3.33 
Li4 3.158 Lis 2.69 Lis 2.77 
Lis 3.224 Li4 3.18(2) Lis 2.81(2) 
Lis 2.798 Lis 2.81(2) Li4 3.21(2) 
Lis 2.957 Lis 3.37(2) 1 Lis 2.73 
^Distance Standard deviation 
Al-Al + 0.002A 
Al-Li + 0.009 
Li-Li +0.01 . 
Figure 11. Crystal structure of LigAl^ 
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Inspection of the interatomic distances in LigAl^ 
reveals that each atom in thé crystal is surrounded by 14 
nearest neighbors. Coordination polyhedra such as those 
found in LigAl^ are often found in such A2B an4 AB2 com­
pounds as Ti2Ni, MoSi2 and CuAl2 (27, pp. 101-178). Indeed, 
a very close structural relationship exists between the 
LigAl^ and MoSi2 lattices. This structural relationship 
is illustrated in Figures 12 and 13. 
The presence of pronounced layering in LigAl^ probably 
accounts for its more malleable behavior with respect to 
Na2Tl. This layering would be expected to support a much 
higher dislocation density than the non-layered lattice of 
Na2Tl. 
b(A) 
20 
a ( Â )  
O Al SITE IN PLANE OF PAPER 
O AI SITE IN PLANE JUST ABOVE OR BELOW PAPER 
X LI SITE IN PLANE OF PAPER 
® LI SITE IN PLANE JUST ABOVE OR BELOW PAPER 
Figure 12. The LigAl^ lattice 
a(A) 
— )(— ———(j) 0 
oc> Vf 
24 20 22 
c ( Â )  
® Mo SITE IN PLANE OF PAPER 
O Mo SITE IN PLANE JUST ABOVE OR JUST BELOW PAPER 
X SI SITE IN PLANE OF PAPER 
0 Si SITE IN PLANE JUST ABOVE OR JUST BELOW PAPER 
TRUE UNIT CELL BOUNDARY MoSI g 
PSEUDO-MONOCLINIC CELL BOUNDARY IN MoSlg 
Figure 13. The MoSi2 lattice 
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VII. APPENDIX 
A. Determination of the Symmetry,Orbitals A ^  
Table 10 illustrates the manner in which each of the 
atomic orbitals transforms under each symmetry operation (6, 
pp. 117-182). In addition, the symmetry orbital characters 
are given at the bottom of Table 10. This table provides the 
basis for determining the coefficients b-? of the non-
orthogonalized symmetry orbitals A ± = Z bj 0j In order to 
illustrate this process, the transformed atomic orbitals may 
be multiplied by their respective symmetry orbital characters 
and summed over the 24 columns per row for the Ai and E 
symmetry orbitals to yield the following relations: 
A (Ai) » 01+02+03+04+05+06+07+08+09+010+011+012, (7.1) 
= G(Al), 
A[E(l)] a 20I-02~03"04"05+206+207"08~09"01O 
+2011-012, 
ALE(2)J or -0i+202~03+204-05-06-07+208-09"01O 
-011+2012-
In order to generate the three A (Tn) symmetry orbitals, the 
full 12 X 12 matrix of coefficients for this state must be 
generated. This matrix may be reduced by row operations such 
that it yields three linearly independent solutions to A (T^). 
^(E) 
(7.2) 
ê  
Table 10. Atomic orbital transformations 
E 
"3. "3l "3. "32 =^3 "33 '34 "3, 
= 2. 
'^2 ^2' 2' S  
*1 *1 *2 *3 *8 *10 *5 *4 *9 *6 *7 *11 *9 *10 *11 *6 *4 *8 *2 *3 *1 *7 *5 *12 
*2 *2 *3 *1 *9 *11 *10 *6 *5 *7 *4 *8 *12 *8 *12 *10 *5 *6 *7 *1 *2 *3 *9 *4 *11 
*3 *3 * 1  *2 *7 *12 *11 *4 *6 *8 *5 *9 *10 *7 *11 *12 *4 *5 h *3 *1 *2 *8 *6 *10 
*4 *4 *10 *7 *5 *6 *3 * 1 :  *9 * 1  *2 * 1 2  '*8 *12 *8 *3 *9 *11 *1 *7 *4 * l J  *5 *2 *6 
* 5  *5 *11 *8 *6 *4 * 1  * 1 :  *7 *2 *3 *1C *9 *11 *7 *2 *8 *10 *3 *9 *6 ^*12 '*4 
... 
*1 *5 
*6 *6 *12 *9 *4 *5 *2 *1( *8 *3 * 1  *11 *7 *10 *9 * 1  *7 *12 *2 *8 *5 * 1 1  *6 *3 *4. 
*7 *7 *4 *10 *12 *3 *8 *9 *2 *5 *11 * 1  *6 *5 *3 *6 *11 *2 *12 *4 *10 *7 *1 *9 *8 
*8 *8 *5 *11 *10 * 1  *9 *7 *3 *6 * 1 2  *2 *4 *4 *2 *5 *10 *1 *11 *6 *12 *9 *3 *8 *7 
*9 *9 *6 *12 *11 *2 *7 *8 *1 *4 *1C *3 *5 *6 * 1  *4 *12 *3 *10 *5 *11 *8 *2 *7 *9 
*10 *10 *7 *4 *1 *8 *6 *2 *11 * 1 2  *9 *5 *3 *1 *6 *8 *2 *9 *5 *10 *7 *4 *12 *11 *3 
*11 *11 *8 *5 *2 *9 *4 *3 * 1 2  *10 *7 *6 *1 *3 *5 *7 *1 *8 *4 *12 *9 *6 *11 *10 *2 
*12 *12 *9 * 6  *3 *7 *5 *1 *10 *11 *8 *4 *2 *2 *4 *9 *3 *7 * 6  *11 *8 *5 *10 *12 *1 
^1 1 1  1 
E 2 
-1 2 0 0  
T l  3 0 -1 1 
-1 . • 
^2 3 0  -1 1 1 
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A(Ti) (7.3) 
The results are as follows: 
[Ti(l)] a  0I+02'"04+205-05+07+08"209+0II-012» 
A [Ti(2)] w 02-03- 04"!-05+206-08+09-\2011+012» 
A [Ti(3)] a 01-03+05-06+208-09+010+0-11-2012. 
Techniques to arrive at the above solutions will be outlined > 
in the solutions derived for the A(T2) symmetry orbital 
coefficients. 
The 12 X 12 matrix of coefficients for the A (T2) sym­
metry crbitais is given in Table 11. The matrix in Table 12 
may be generated by performing the following row operations 
on the matrix in Table 11. 
The first row operation should be read as 
"row 1 plus row 7 of the matrix in Table 11 
equals row 1 of the matrix in Table 12 when 
reduced to its lowest common denominator." 
Ill + 7ll I12 + 611 - 7i2 
2li t 4ii - 2i2 811 + 12ii - 812 
(7.4) 
3ii + 1011-» ^12 9ii + lOii -* 912 
4ll + 811 4l2 lOii + 5ii - IO12 
5ll + 9ii - 512 llll + 7ii - II12 
611 +II11 ^12 12ll + 2ix 12l2 
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Table 11., Matrix of' coefficients for the orbitals 
h 1 2 3 4 5 '6 7 8 9 10 ' 11 12 
1 4 1 1 -1 1 -2 0 -1 -1 -1 -2 1 
2 1 4 1 0 -1 -1 -1 -2 1 -1 1 -2 
3 1 1 4 -1 -2 1 -1 1 -2 0 -1 -1 
4 -1 0 -1 . 4 1 1 1 -2 -1 1 -1 -2 
5 1 -1 -2 1 4 1 -1 -1 Ô -2 -1 1 
6 -2 -1 1 1 1 4 -2 1 -1 -1 0 -1 
7 0 -1 -1 1 -1 -2 4 1 1 1 -2 -1 
8 -1 -2 1 -2 -1 1 1 4 1 -1 -1 0 
9 -1 1 -2 -1 0 -1 1 1 4 -2 1 -1 
10 -1 -1 0 1 -2 -1' 1 -1 -2 4 1 1 
11 -2 1 -1 -1 -1 0 -2 -1 1 1 4 1 
12 1 -2 -1 -2 1 -1 -1 0 -1 1 1 4 
Table 12. Semi-reduced matrix of @^2 coefficients 
0i - 1 2 . 3 4 5 6 7 8 9 10 11 12 
1 1 0 0 0 0 -1 1 0 0 0 -1 0 
2 0 1 0 1 0 0 0 -1 0 0 0 -1 
3 0 0 1 0 -1 0 0 0 -1 1 0 0 
4 -1 -1 0 1 0 1 1 1 0 0 -1 -1 
5 0 0 -1 0 1 0 0 0 1 -1 0 0 
6 -1 0 0 0 0 1 -1 0 0 0 1 0 
7 -1 -1 0 1 0 1 1 1 0 0 -1 -1 
8 0 -1 0 -1 0 0 0 1 0 0 0 1 
9 -1 0 -1 0 -1 -1 1 0 1 1 1 0 
10 0 -1 -1 1 1 0 0 -1 -1 1 0 1 
11 -1 0 -1 0 -1 -1 1 0 1 1 1 0 
12 1 1 0 -1 0 -1 -1 -1 0 0 1 1 
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Table 13. Linearly independent matrix of coefficients , 
0i 1 2 3 4 5 6 7 8 9 10 11 12 
@ T2 (la) 1 0 0 0 0 >-1. 1 G 0 0 -1 0 
@ T2 (lb) 0 1 0 1 0 0 0 -1 0 0 0 -1 
m T2 (Ic) 0. 0 1 0 -1 0 0 0 -1 1 0 0 
m T2 (2a) -1 -1 0 1 0 1 1 1 0 0 -1 -1 
3B T2 (2b) -1 0 -1 0 -1 -1 1 0 1 1 1 0 
m T2 (2c) 0 -1 -1 1 1 0 0 -1 -1 1 0 1 
By inspection, the matrix in Table 12 can be reduced to 
the 6 X 12 matrix of A (T2) coefficients shown in Table 13. 
It should be noted that the solutions as given in Table 13 
are linearly independent. Hence, 
A [T2(la)] 0/ 01-06+07-011, \ 
A CT2(lb)] 02+04-08-012, > A T2(1) (7.5) 
A [T2(lc)] 03-05-09+010, I 
A CT2(2a)] a-01-02+04+06+07+08-011-012* \ 
ALT2(2b)] a-01-03-05-06+07+09+010+011, I AT2(2) (7.6) 
ACT2(2C)] CV-02-03+04+05-08-09+010+012- I 
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B. Determination of the Orthogonalized Symmetry Orbitals 
It should be noted that the A CE(1)] and A CE(2)T orbi­
tals are not orthogonal. Similarly, members of theA (T^) 
set are not mutually orthogonal. In the case of the A (E) 
set, mutual orthogonality is assured is one replaces A CE(1)] 
by 
@ LE(1)] a Y jzA CE(1)] + A E(2)]} , (7.7) 
«01-03-05+06-07-09-010+011 • (7.8) 
i[E(l)], which is orthogonal to A [E(2)] = @[E(2)], is, of 
course, the sum of two solutions to a wave equation and is 
therefore also an acceptable solution to the wave equation. 
Similar row operation within the A (7%) set yield the follow­
ing set of mutually orthogonal symmetry orbitals: 
2[Ti(l)]û'01-202 03 204-05-06-07+09-010+011, \ 
g[Ti(2)]a-30i+303+05-06+307-208-09-301O+011+2012,> Œ(Ti) 
@[Ti(3)]e-05+06-08+09-011+012. j (7.9) 
Inspection of the members of the A CT2(1)] and A[T2C2)] sets 
will show that the orbitals within each set are mutually 
orthogonal. Hence, ®CT2 (1) 3 ** ACT2(1) ^ and @[T2 (2)]* 
AT2(2)]. 
